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ISLANDS (Indiak Ocean). 
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Amphipodu and Kopoda. By W. M. Tattbksall, D.Sc., Keeper of the 
Manchester Museum. (Communicated by Prof. W. J. Dakin, F.L.S.) 

(PLATIiS 1-3.) 

[Heudatb May, 1921.] 

I AM iii<iel)ted to Professor Dakin for the opportunity of examining the small 
collection of Ainphipodu and Lsopodu whiidi lie made during his expedition 
to the Abrolho.s Ishinds. Nine species of Am [diipoda and three of Isopoda 
were found in the collection. The number of specimens was very small, and 
considenible difficulty Inis been encountered in the endeavour to identify 
them satisfactorily. I have not been able to satisfy myself that any of the 
Amphipoda represent uiidescribed species, but in almost all cases the 
specimens showed some departure from existing descri[»tions. The recent 
work of Chilton has, however, shown that in the Amphipoda we are dealing 
with a dominant and virile group of (h'ustacea exhihitiug relatively endless 
variations, and the time has now arrived when it is better to determine the 
extent of specific variation than to regard eacli depai ture from the normal as 
of specific value. Future work will undoubtedly reduce the number of valid 
species of Amphipoda. 

• Acknowledgement must bo made hero also of a grunt from the Govei'iimeut Grunt 
Committee of the Royal Society, and a grunt from the Britiiih Associiition. 

LINN. JOUHN,— ZOOLOGY, VOL, XXXV. 
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SLAI)E>f TIH;ST EXPEDITIONS TO ABROLHOS ISLANDS. 


Tlie main interest of the collections lies in the bearing which it has on the 
general question of the origin of the fauna of the Abrolhos Islands. As 
Professor Dakin has already pointed out^ these islands are remarkable as 
being the most southerly islands in the world with coral reefs fringing their 
shores, and this fact would suggest that the fauna of the islands should^ in 
the main, bear a strong tropical facies. The Amphipoda in tliis collection 
))ear out that suggestion. I have in the following table indicated the known 
geographical distribution of all the species in the collection. It will be seen 
at once that six of them have a wide distribution in the tropical and sub. 
tropical waters of the Indian and Western Pacific Oceans, ranging from 
South and East Africa to the Oceanic Islands of the Pacific. Two other 
species, Par/*ar/)fwirt villosa and Gruhia setosa^ have so far only been mot with 
in the waters round South and East Australia anti New Zealand. Only one 
species, Famioaldeekia Idddevi^ seems to be a migrant from the Southern 
waters of the Antarctic sub-PoIar seas. 

Of the Isopoda, two species are described as new, but all throe species in 
this collection belong to the Sphteromidm. a family of Isopoda characteristic 
of tlie wanner waters of the globe. 
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AMPHIPODA. 

Family LYSlANAS.SJI)vE. 

Genus Pauawaldeckia, SteWing. 

1. Pauawaldeckia kidderi (5. /. Smith). fPl. 1, fi«s. I-O.J 

Nannont/.v Ai/dfc^Wy'diilton, 1909, p. (515. 

Parawaldeckia Th(mscmi, Stebbbg, 1910 (1), p. 571. 

LocaUii/. Dredge off Wallaby Group, one male and two females, fi-7 mm. 

DistribiUion, Kerguelen (Smith), Torres Strait.s (Miers), Tasinaiiiii (Thom- 
son), New Zealand (Thomson), Campbell Islands and Aiiekland Islands 
(ChiUon), Kermadee Islands ((Chilton). 

JiemarkA, The diffieultios whi^di present themselves to the student of 
Amphipodn in attempting to identify isolated specimens from remote 
localities are nowhere more abundantly illustrated than by a reference to the 
history of this specie.s, as detaile<l by (Chilton in the ]>aper quoted above. It 
laid been referred to three different genera and been described under at lea>t 
five and ])robably as many as eight difi'eront specific names. Its adventurous 
career was even then not at an end, for in the next year iSteldiing, who liad 
not been able to consult <.1iilton’s paper before bi.s own went to |>ress, pro- 
]iosod a new genus, for the reception of yanuont/x (homsoni^ 

one of the many .«!ynonyjns of this species. It seems I bat at last the species 
has a permanent abiding place of it.s own. 

I believe my specimens to belong to the, s[>ecdes as described by Cliilton. 
They agree closely with his description except in one point. The adult male 
presents the usual sexual differences In the third uropods exhibited by so 
many Lysianassuhe, in having the mini of these appendages (uilarged and 
fringed with jduniose seta?, (^hilton says that in tlie male the third uropods 
arc the same as in the female. I give a figure of the telson of one 
of my specimens^ showing it to he slightly excavated but not distinctly 
cleft. Bach lohe jdit'tho apex i.s armed with two short spines, and tliere are 
two delicate plumose setae on each lateral margin. In this respect my 
specimens are in substantial agreement with (-InTtoirs descriptions. The 
outer plate of the inaxillipoJ is broadly rouinh^l and unarmed, the inner 
plate truncate ami armed with three blunt teeth. 

The genus Parawaldeckia is characterised by the pos.session of accessory 
lobes to the branchial vesicles and by having the last joint of tho peduncle of 
the second antenna of the male dilated and moderately long, the remaining 
joints being small. It is very closely allied to Waldeekia^ and differs only in 
having tlie telson slightly excavated, wliereas in Waldtr/Ja it is deeply cleft. 
My specimens agree with the definition of the genus Parawaldeckia in these 
points. There can be no question as to its relationship to Waldeckia^ for a 
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comparison of the figures of some of the apponciages given herewith with 
those published by Chevreux and Walker for Waldeckia will show the closest 
agreement in general form, especially in the first and second gnathopods. 


Family PHOXOCEPHALIDiE. 


Genus Pabhabimnia, Suhfnnff. 


2. Pabhabpinia viLLOSA (Ilatwell). (PI. 1. figs. 7-14.) 

Phovttn vUlosuft, IlaHwell, 1880 (1), p. 258, pi. ix. fiu*. 2. 
ParhM'pinitt villoha^ Stebbinfr* lOOC^i p 1 i7. 


Locdlittf, Saiiily Island, Wjillahy Group, one foniale with incubatory 
laniellso, 6 mm. 

Dhtrihnfion, (^oasts of Australia (ITaswell) and New Zealand (Thonison). 
Jiemarh, In comparing this specimen with Stel)bing\s description, it is 


found to differ in the i< 



1. 

Autenua 1. 
Flagellum. 
Accemory App. 

0, 

Antenna 2. 
Flagellum. 

3. 

Outer plate of 
Maxillipede. 

4. 

Gmitbopod 2. 

r>. 

Feropopods 1 & 2. 

«. 

PeiOBopod 3. 

7. 1 

Peiuopod 5. 


Uiopod 2. 


ing i)oiiits : — 


I Stubbing. 


13 joints. 

10 joitiU. 

1 7 joints. 

Evtond to more tlioii linlf- 
wny along the long 
second joint of the palp, 
and are fringed with ii 
doyen graduated spines 
ferrate on both edges. 

Fifth joint about ns long 
as the Mvtli 

A]hch 1 spine of the fifth 
joint neailj as long as 
the sixth joint. 

Fifth jfiint seal eel j longer 
thnu the sixth. 

Second joint not produced 
to en^ of fourtli. 

Peduncle fringed \%itli ten 
ontbtanding spines. 


Piesent speciinen 


10 joints. , 

7 'joints 

1 1 joints. 

Bnrel;» extend be\ond the 
fiist joint of the j^mlp 
anil ha\e oiil^> eight i 
senate spines. 


Fifth loiiil iiinch shoitir 
than the sixth 
\pical spine of tho fifth 
joint half HS long as tlie 
sixth joint. 

Sixth t'oint 1( nger than , 

the fifth I 

Sicond j«nnt produced to i 
end ot fourth. . 

T’ediincle with only eight ' 
sjanes. ‘ ' 


The most important of these differences are numbers 3 and L The length 
of the outer plate of the maxillipeds is one of the characters used by 
Stohbing to seinirtite the genera Parharpima and Pontharpinia. In the 
former it is descrilied as elongate and fringed with serrate spines on the 
inner margins. In the latter it is simply described as short. In my 
speciinen, t1i(3 maxillipeds do not appear to differ markedly from those of 
ijjo genus Pontharpinia^ except that tlie spines on the inner margin of the 
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outer plate are serrate on both margins, a feature not« so far as I aware, 
described in Pontliarpinia. 

1 am quite unable to understand Stebbing’s descri])lion of the second 
gnatliopod unless, indeed, by some chance the descriptions of gnatbopods 
1 and 2 have become inadvertently transposed in bis diagnosis. As will be 
seen from the figures of these appendages given here, the fifth joint is 
decidedly larger in gnathopod 1 than in gnatbopod 2, and with this sup- 
position, Stebbing’h description of the gnatbopods would ap 2 >ly to my 
speciintm. 

StcbhingV description is based on specimens from New Zealand recorded 
by Thomson (1882) as Phoxus hatei^ Haswell. Stebblng identifies Thomson’s 
specimens with Phoxus villosus, Haswell, and refers HaswelPs I\ hafei to 
Pontharpinia roslrata (Dana). On comparing my specimen with Thomson’s 
tlescription and figures, 1 find the most complete agreement except that the 
carpus of the second gnathopods is distinctly shorter than Thomson shows. 
Thomson docs not describe or figure the fourth perseopods. 

My specimen differs from Haswell’s original description in the larger size 
of the eyes, in the fewer joints in the accessory appendage of antenna 1, and 
in the shape of the second joint of the fifth perteopods. In tl)e cliaracters of 
the eyes and the fiftli perieopods it agrees with Haswell's description of 
Phoxus hateij and as the latter is said by Haswell to differ from P. rillosus 
in the larger size of the eyes and the form of the fifth pera^opods, it looks ns 
if my specimen really belonged to Phoxus hatei^ Haswell = P(»<//<a/ 7 >/«fa 
(Dana). But the long and slender form of the fourth percTO[)ods 
agrees much more with those figured by llas\roll for P, xnllosns. 

The genera Poutharpiuia and J^arharpinla are distinguished, acconling to 
the definitions of these genera given by Stebbing in ‘ Das Ticrreich,' by the 
iollowing characters : — 

(1) In Pontharpima the third joint of the mandibnlar palp is shorter 

than the second. In Parharphna the third joint is longer than 
the second. 

(2) In Poutharpinia the outer plab's of the maxillipeds are sliort. In 

Parharpinia they are elongate and fringed with serrate spines on 
the inner margins. 

(3) In Pontharpinia the fourth and fiftli joints of tiu^ third and fourth 

pencopods are expanded. In Parharpinia they are not expanded, 

(4) 111 Pontharpinia the expanded second joint of the fifth penvoj)ods is 

greatly produced, while in Parharpinia it is only niodorately 
produced. 

These differences appear to me of doubtful value. My specimen is a 
Parharpinia in the characters of the mandibular palp and the form of the 
third and fourth peraeopods, and a Poutharpinia in the characters of the 
nmxillipeds ami of the fifth peraeopod. 
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On the whole, my specimen agrees most closely with those described by 
Thomson ns PhoxMs hateu As tliese specimens formed the basis of Stebbing’s 
description of I\ villosa, Haswell, and were those upon which Stebbing 
founded the genus Parharpinia^ I here record the present specimen as 
Parharpinia villosa (Haswell), with an expression of doubt as to tho separate 
identity of the genera Parharpinia and Pontharjnnia, 

My specimen differs from Pontharpinia uncinata, Clievreux, in the evenly 
rounded epimeral plafe of the third segment of tho pleon, from P, stimpsonii, 
Stebbing, in the shorter and evenly rounded rostrum, and from P. pinguis 
(Haswell] in the less robust peraeopods. I should have been quite content 
to record my specimen as Pontharpinia rostrata (DamO except for the longer 
and more slender fourth parajopods. In Dana’s figure the eyes are larger 
and more rounded in form and the rostrum shorter than in my specimen, 
but these differences disappear in the light of HaswelTs description of Phomts 
batei^ which Stebbing regards as synonymous with P, rostrata. 

A redescription of Austi^alian and New Zealand species is a necessity 
before they can be placed on a sound basis, and it is to be hoped that this will 
be attempted by some one on the spot who has access to material. 

Family LEUCOTHOlDi!^]. 

Genus LkuoothoS, Leach. 

3. LeitcoTHOE SPINIOARPA {Ahildgoard). 

L, stfimearpa, Chilton, 1912 (2), p,478. 

„ „ Barnard, 1910, p. 148. 

Localities. Wooded Island, Easter Group, two speeiinons, Randy Island, 
Wallaby Group, five specimens. 

Distribution. Cosmopolitan. 

liemarh. The two papers quoted above give the full synonymy of this 
species and full notes on its known distribution. 


Family GAmiAJUlDM. 

Genus Cbradocus, A. Costa. 

4. OeUADOCUS KlTBUOMACrLATUS (PI. 1. figs. 15, 16.) 

C. ntbrofnaculatus, Stebbing, 190B, p. 430 (synonymy). 

„ „ Walker, 1904, p. 972 ; 1906, p. 927 ; and 1009, p. 834. 

„ „ Ohevreux, 1907, p. 479. 

„ ,. Stebbing, 1008 (1), p. 81 ; 1908 (2), p. 466 ; 1910 (1), p. 698. 

if ;t Chilton, 1916, p. ^9. 

Locality. Sandy Island, Wallaby Group, one female, 10 mm., and one male 
and two females, 6 mm. 
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THstnbution. Ceylon, the Maldives and Laccadives, and the coast of Africa 
(Walker) ; South Africa (Stebhing) ; Australia and Tasmania (Haswell & 
Stebbing) ; Now Zealand (Chilton) ; French Oceania (Chevreux). 

liemarks. From the published descriptions and figures, this species would 
appear to be subject to great variation in the anfennse, antennulcs, first and 
second gnathopods, fifth persDopods, and in the size and extent of the 
serrations on the margins of the ploon and its e])inienil plates. 

These facts have led uie to ascribe nil the four speciinons in this collection 
to the same species, notwithstanding the differences and the extraordinary 
dimorphism in the second gnathopods of the only male specimen. 

Ill the large female specimen, 10 mm. in length, the dorsal surface of the 
pleon is microscopically sliagreened. The teeth on the posterior margins of 
the first throe segments are longer and coarser than in the smaller .s|)ecimeus, 
and there is a seta alternating with every tooth. The epiineral plate of the 
first pleon segment has two teeth on the lower border and eight on the hindt r 
border, or ten teetb in all. The second pleon segment lias five teeth on the 
margins of the epiineral plate, and the third segment fourteen teeth. It is 
not easy to decide where tlie lower and hinder margins mei t. The antennal 
peduncle is equal in length to iho anlennular. The accessory flagellum of 
the anteimule has seven joints and the main flagellum twenty-five. The 
flagellum of the antenna has fourteen joints. Tlie hinder lower corner of 
the second joint of llie fourth and fifth permopods is prolonged into a spine, 
as figured by tJlievreux (1907) for specimens from French Oceania. 

In the smaller specimens the teeth on the dorsal border of the first three 
ploon segments are shorter and finer than in the larger specimen. The 
epiineral plates of the first two segments of the pleon have one or two teeth 
on the lower border but none on the binder. The third segment of the pleon 
has six teeth on the liinder border and two on the lower border of the 
epinienil jdate. The fiagelluni of the first antenna lias seven joints and the 
accessory appendage four joints. The fiiigellum of the second antenna lias 
from 15-21 joints. Tlie binder low'cr corner of ilie second joint of the 
fourth and fifth perteopods is much less produced than in the largo 
specimen, and is more like the typical form. 

The male specimen presents a strking dimorphism in ihe second gnatlio- 
pods. Tlie right one is of the normal typo, the palm rather oblique and 
furnished with two fiat-topped teeth. It is not so robust as in the specimens 
figured by Chevreux from French Oceania, and the palm is more oblique and 
not transverse. But Chilton describes specimens from New Zealand which 
appear to agree wdth mine. The second gnathopod on the left side is quite 
different. The propodus is larger and more robust, the palm very oblique 
with no prominent tooth marking its edge, but with a very strong obtuse 
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tooth near the base of the nail. The whole limb recalls to some extent that 
found among the males of the genos Elasmopus, though it is not setose at 
all. Stebbiug, in the * Challenger' Report and in recording this species 
from South Afriou, notes the dissimilarity between the right and left second 
giiaihopods in some of his specimens ; but the dissimilarity usually takes the 
&rm of one of the gnatliopods being of the female type and the other of 
the male. No such striking instance as the present ono has been noticed 
before. 

With regard to the serrations on the epimerul plates of the first three 
segments of the pleon, the typical form has one or two serrations on the 
lower margin in all three segments, bat only the third segment is serrated on 
the hind margin. (-Iievreux describes serrations on both lower and hinder 
margins of the epimeral plates of the second and third pleon segments in 
specimens from French Oceania. Haswell says of Australian specimens 
“ lateral plates (epimera) of the three anterior segments of the })leon 
serrated posteriorly,” Vi'hile in Mara sjnnosa, now regarded as a synonym of 
C. rubromaculala, bo gives only the third segment with serrations on the 
posterior margin of the lateral plate. There is thus abundant evidence of 
variation in this character. I may note that, in all my specimens, the first 
joint of the mandibular palp has a spiniform process on its inner corner os 
described by Walker (1904) and (’hevreux (1907). 


Genus Macua, Leach. 

5. Masua tenella {JJana). 

Gammartu teneHm, Unna, 1852, p. 9fiS, pL 65. fig. 7. 

Mara tenella. Walker, 1904, p. 272, pi. 5. fig. 31. 

JIf. tniella, Stebbing, ir06, p. 438. 

Locality. Wooded Island, Easter Group, one male, 5 mm. 

Jiemarks. The single specimen agrees closely with the description and 
figures of a specimen from Ceylon referred to Dana’s species by Walker. 
The only noteworthy point of difference is that the dactylus of the second 
gnathopods in the male has a well-marked tooth about the centre of its inner 
margin, which fits into a corresponding excavation on the palm. The serrate 
hind margin of the third segment of the pleon and the slightly different 
form of the second gnathopods of the male seem to distinguish tliis spedes 
from M. nridis, Haswell, to which it is otherwise very closed allied ; in fact, 
this species seems to me to afford an additional argument in support of 
Chilton’s contention that Haswell’s species belongs to the genus Mtera, and 
not to Elasmopus to which Stabbing would refer it. 

Eistrihution. Fiji (Dana) ; Ceylon (Walker). 
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(!. Macka MASTEUsii {Haswell). 

Meyamtera masteraii^ llaswell, 18ti0 (Ij, p. 2ii6t pi. 11. 1. 

M, thompsoni, Mk^rs, 1884, p. 318, pi. 34. iig. JL 
Mara masteraii, Sti^bbing, IPOO, p. 439. 

„ Chevreiix, 1907, p. 481. 
i, „ Stebbing, 1910 (1), p. 64i>. 

., „ Chilton, 1911, p. 304. 

„ „ Barnard, 1910, p. 193. 

„ „ Chilton, 191(5, p. 307. 

Locality, Ssuicly Island, Wallaby (xroup, one male, 5 mm. 

Distribution , Port Jackson, Australia (Haswell) ; several localilic> in the 
Torres Strait (Micrs) ; Gambier Arcliipelago (Chevrenx) ; Kermudec 
Islands (Chilton) ; Mozambique (Barnard) ; New Zealand (Thomson & 
Chilton). 


(iemis Elasmopus, A. Costa. 

7. Elasmopi s srncAUiNATUs (Haswell). 

Meytwurra sithcarinatay Haswell, 1880 (2), p. 333, pL 21. tig. 4. 

L'laatuojms suhcftrinntUHy Chilton, lUlo, p. 821, tigs. 1-0. 

Locality. l)redf»ed off Wallaby Group, one male, ti mm. 

1 distribution. Shore.s ot‘ New Zealand, Australia, ( Vylon. South Africa, 
and Indian Ocean. 

liemarks. Chilton, in the [lajier quoted above, has given a full account and 
synonymy of this sjiecies and of its geographical dLstribution. The species 
is distinguished fiom its congeners by the two carin.T of th»‘ fourth segment 
of the pleon each ending in a prominent tooih. In this character iny 
specimen agrees with the type, but it differs from typicni specimens as 
described by Chilton in the following characters ; — 

(1) In the first antennie, which are much shorter than usual and have 

only fifteen joints in the fiagelliiin. The accessory appendage is 
quite short and only has two joints. Walker recorded s])ecimeDS 
from (^eylon in which the accessory apijcndage of the first antenna 
was only two-jointed. 

(2) In the hinder margin of the second joint of the last pair of 

persoopods, which is closely and coarsely pectinate a.s described 
for the species E. peclenicmSj Sp. Bate. (.Miilton says of all the 

perseopods that the “ basal joint posterior margin simply 

serrate,’* while Stobbing says that the margins are “ strongly 
seiTute.” But the condition in the present specimen agrees witli 
Walker’s description in E. serrula (^E. pectenicrus) : “the 
greater part of the hind margin elegantly cut into flat-topped 
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teeth of a peculiar form” (Walker, 1904). Barnard (1916), in 
describiujir E, peclenierus, Bate, from B. Africa, to which species 
he refers Walker^s E. serrula as a synonym, fip;ures the second 
joint of the fourth perseopod, showing a condition exactly 
similar to the second joint of the fifth perseopod in my specimen^ 
I may note that on one side the hinder margin of the second 
j*oint of the fifth pormopod is concave and on the other 
convex or evenly curved. Barnard suggests that the concave 
margin is a condition of maturity. The fifth perseopods of 
iny specimen are not so setose as is described by Chilton for 
New Zealand specimens. Having only one specimen, it is 
impossible to say whether these differences are constant and 
of specific value. The two dorsal ciirinse of the fourth pleoii 
segment exclude this specimen from all other described species, 
and in the character of flic second gnathopods the specimen is a 
typical adult male of E. snhearinaia as figured by (liilton. I 
prefer, therefore, to regard the spocinieii as at most an individual 
variation of this widely distributed species. 

Family PHOTlDiE. 

Genus Euhystreus, Bate. 

8. Eurystheus atlanticus {Subbing). (PI. 1. figs. 17-20.) 

Oammttropm atlantiea, S tabbing, 1888, p. 1101, pi. 114. 

G. zeylanirntty Walker, 1904, p. 5J82, pi. 0. fig. 41. 

G, gtirdinerif Walker, IfXW, p. 9:?9, pi. 88. fig**, 11-14, 16-17. 

Ewy8theu9 atlanticus, Stebbing, 1900, p. 611. 

i?. atlanticus, Stebbiiig, 1908. p, 86 (X), pi. 40D. 

E, zeylanious, Walker, 1909, p. 839. 

E. atlanticus, Walker, 1909, p. 339. 

„ „ Stebbiiig, 1910 (1), p. 614. 

Locality, Dredged off Wallaby Group, one female with ova, 6 mm. ; one 
adult male, 6 mm. ; two young males, 4 and 4*5 inin. 

Distribution. Cape Verde Islands (Stabbing), Ceylon, Maidive and 
Laccadive Archipelagoes, Seychelles (Walker), S. Africa (Stehbing), 
Australian coasts (Stebbing). 

Remarks, Those four specimens are alt imperfect; orly one, the larger of 
tlie immature males, has any of the antennsn still attached, and that only the 
peduncle with the accessory appendage on one side only. The accessory 
appendage is composed of four j'oiiits, three large ones and a small terminal 
one. 

Only the two larger specimens have the lageniform eyes charaoteriatic of 
the species. In the two smaller specimens the neck of the flask, so to speak> 
is wanting. 
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I have figured the distal joints of the second gimthopods of all four speci- 
mens. The second gnatho[)ods of the female agree very fairly well with 
those figured for E. afer by Stebbing (li<88), for E. zeylamcm by Walker 
(1904), and for K. gardineri by Walker (1905). Those of the smaller 
immature male resemble the figures given by Stebbing for the ty]>e-spec5inen 
(a female) from (Jape Verde (1888, pi. 114, gn. 2) of AJ. athinficus^ by 
Walker for the young male of E. zeylanims (J904, pi. (>. fig. 41, gn. 2, 
c? jr.), and by Walker for the young male ol E, gardinen (1905, pi. 88. 
fig. 14). 

The second gnathopods of the larger of tin* immature males agree closely 
with those figured for theadnh male of E, zeylanivus by Walker (190 1, jd.G. 
fig, 41, gn. 2, (J), and is not unlike the figures given by Stebbing for the 
adult male of E. ullantii'us (1908 (1), pi. 40 li). Stebbing’s specimen bad, 
howexcr, lageniform eyes. 

The secoml gnatbopocls of tlie adult male are not (]uite like those figured 
for any of the species of Eurf/stlieus, imt seem to be the adult coinlitinii of 
the immature males in this collection. I feel convinced that the four 
specimens here dealt with belong to one species. They were all collected 
at tlie same time in the same place, ami appear to me to represent 
the adult female and three stages of gro\vth in the male. J'rom this 
it follows thsit the lageniform .shape of tlio eyes is an adult, character 
only, or, alternatively, a character which varies greatly. I feel sure, too, 
tliat my specimens btdong to the same species as E, zet/lanicus^ Walker, and 
E, gardineri, Walker, Neither of these species has lageniform eyes, but 
judging from my specimens, most, of Walker’s specimens were immature. 
Walker himself in 1909 united the.se two species, and in a footnote to the 
same paper e\pres.ses the opinion that both are synonymous with h\ atlanticus, 
Stebbing. In accepting that verdict, it is necessary to point out that the type 
of E. atlanticns is a female which has the lageiiiforjn eyes of tlie adult and 
second giiathopods of the form ascribed here to an immature male with oval 
eye.s. Both (liilton 1912 (2) and Barnard (191fi) have sugges-fed the possi- 
bility of 7i,\ being the same as /s. a/er (Stebbing), and support is 

givers to that idea by the close resemblance of the second giiathopods of the 
adult female in the pre.seut collection to tho.«ie figured by Stebbing for £. 
female. But the latter species has long oval eyes, not lageniform in shape. 
(/Iiilton's specimens, identified with doubt us E. afet\ seem to have giiathopods 
altogether longer and more slender than in the present specimens. 

It will bo seen that there has been considoruble difficulty in arri\ing at a 
conclusion with regard to the identity of these specimens. I can best sum 
up the evidence yielded by them, by saying that they are certainly the 
game as E. zeylanicus and E, gardineri of Walker, and that I accept his 
opinion that these species are synonymous with E. atlanticus, Stebbing, a 
widely distributed and apparently very variable species. 
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Pamily AMPHITHOIDiE. 

Genus Geubia, Czermavshj. 

9. Grubta betosa {Harwell), (PI. 2. figs. 21-24.) 

Amphithoe tetosa, Haswell, 1880 (1), p. 270. 

Grubta setosa, Stobbing, 1006, p. 644. 

Localities. Four males and four females^ up to 15 mm. in lengthy from 
Sandy Island, Wooded Island, and Pigeon Island. (Shore collecting in each 
case.) 

DisinhuHon. Sidney Harbour and Botany Bay, New South Wales 
(Haswell & fSiilton). 

Remarks. Has well’s original description is short and unaccompanied by 
figures, but the present specimens are in agreement with it. Chilton^ 
who examined specimens from Sydney Harbour which ho referred to 
this speoies, stated that the first antiMina possessed a small accessory 
appendage. The prescmt specimens, or at least such of them us .still 
retain the first antenna, possess a small two-jointed accessory flagellum on 
that appendage, barely longer than the first joint of the main flagellum. 
The species is therefore a true Gruhin^ in which genus Stebbing has already 
placed it. 

The species is mainly distinguished by the form of the first and second 
guathopods in both sexes, and especially by those of the male. 1 figure 
these appendages herewith. They are similar in the male and female, 
but in the former they are more massive and arc densely fringed with long, 
delicate, plumose seta?, especially on the second, carpal, and propodal joints. 
The palmar margin is undefined in tlie first giiuthopod, but in the second it 
is bounded by a rather prominent tooth, on the inside margin of which is a 
strong spine. In the second gnathopod of the male the limiting tooth is 
stronger, and immediately inside it on the ]>alm is a small excavation into 
which tlie nail fits. The nail in both gnathopods is provided with a closely- 
set row of blunt spines on tlic inside margin. The figures will serve to show 
the general form of these limbs and the proportions of the joints. 

For the rest, the species has no very marked characters. The first antennKi 
are almost as long as the whole animal, the third joint of the peduncle about 
as long as the second, and the flagellum composed of about 5U joints. 
The second antennas are f as long as the first. The fourth joint of the 
peduncle reaches to the distal end of the second joint of the peduncle of the 
first antenna). The fifth joint equals the fourth in length, and the flagellum 
has 35 joints. The low^er margin of the peduncle is l>eset with long 
plumose hair.«, particularly in the male. The innbr lobe of the first maxilla 
bears six or seven fine plumose setm. The third uropods have the peduncle 
much larger than the riimi, with a row of seven short, blunt spines on the 
dorsal apical margin. The inner ramus bears one spine and a number of setse 
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ati its apt;x. The outer ramus boars two recurved hooks of equal size and a 
short, blunt spine near Ihe proximal end of the dorsal surface. In the light 
of (Jhevreux^s description of Cr. hrevidactyla and of the present species, 
Stebbing’s diagnosis of the genus Gruhia in ‘ Das Tierreieh ’ will require 
emendation in the following points : — antenna 1 has a short accessory 
flagellum of one or two joints, and maxilla 1 the inner plate with a ftnv 
small lateral setae. 

The present species is tlistiiiguished by the form of the first and second 
legs and, possibly also, by the structure of the third nropods. 


ISOPODA. 

Tribe FLABELLIFEBA. 

Kainily SPHJSltOMlDjl*:. 

Group IlEBflBliANCHIATA. 

Genus ClLlC.l'ioi^sis, IJansen. 

GiLiCM-opsis DAKiNi, sp. n. (PI. 2. figs. 25-29 ; PI. 3. fig. 3i.) 

Locality, Woody Island, Easter Group, one adult male, 13 nun. long, 
9 mm. broad. 

Dem'nption, The single specimen of this new species, a male, measures 
13 mm. ill length and 9 mm. in breadth, and is thus one and a half limes as 
long as broad. The body is strongly convex in dorsal view and without 
graiiuhitions or tubercles. The posterior margins of all the thoracic somites, 
the lateral margins of the body, the nropods, and the abdomen are fringed 
with sliort, thick hairs, the general appearance of which can be seen from 
PI. 3. fig. 34. Similar hairs are scattered over the dorsal surface of the 
abilomen, especially on the two large bosses. The distinguishing features of 
the species arc to he found in the abdomen and nropods. The abdomen 
shows three proximal segments separated off from the large terminal telsoiiic 
somite ; the sutures separating the first two abdominal somites not complete 
in the mid-dorsal line. The posterior margin of tho third abdominal somiie 
is considerably and broadly produced in the mid-dorsal line, but does’ not 
form a process of any kind. Tho terniiiial abdominal somite bears two 
relatively enormous mammiform bosses. The posterior margin is evenly 
rounded, and shows the merest trace of a median process separated by shallow 
notches from the rest of the margin. The nropods consist of a massive basal 
joint and a long, narrow, terminal joint. The hasjil joint, I take it, ropresenrs 
the fused basipodite and ondopodite, and the long terminal joint the exopod. 

The figures which I give of the epistoine, the aiitennule, antenna, second 
and eighth thoracic limbs will suffice to show the general features of these 
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appendages. The epistome is quite truncate anteriorly ; the front margin 
fringed with short, thick hairs similar to those on tlie rest of the body. The 
second to the eighth thoracic limbs are bi-nngniculate and characterised by 
the development of strong spines on the inner margins of the merus, carjins, 
and propoduB. 

The pleopods are of the typical heinibmnchiato typo. Tlie exopod of the 
third, fourth, and fifth pairs is two-jointod. In the third pair the margins 
of the endo])od and the distal joint of the exopod are fringed with plumose 
seise. In the fourth and fifth pairs there are no plumose seta?, but the oute;* 
margins of both branches of tlie fiftli ]>lttopO(Is possess a fringe of simple 
short hairs. The appendix masculina on the second ploopods is longer than 
the branches, with the terminal ])ortion narrower than the rest and slightly 
hooked. 

This species differs from the definition of the genus ('ilietropniii given by 
Hansen (1905J in possessing a vestige of a mesial lube on the posterior 
margin of the last abdominal somite, and from the ty))e-speci(‘s C. ijmmilata 
(Whiteleggo) and its idly, (\ u>littelefft/el (Stebbing), in being without a long 
process from the median portion of the anterior part of the abdomen. In this 
latter chanicter it agrees, however, with Cilierva sh/ll/'em, AYhitolegge, and 
r. oraata, Whitelegge, which Hansen refers tentatively to the genus t’i/i- 
cwopsis. It may be noted that both the last-named species show a further 
resemblance to C. dalini in Iniving the )»ost<>rior margin of the third abdo- 
minal somite produced in the mid>dors:d line. 

I know of no species of the group Cyinoducini with which the present 
s])ecies can be confused in (he form and structure of the abdomen, and 1 bare 
pleasure in associating it with the name of its discoverer. 


Genus (Jymodocb, Leach. 

Cymodoce mammifkka, Ilaswell (?). (PI. 3. fig. 115.) 

C. mamtnifera, Haswell, 1860 (4), p. 474, pi. 18. fig. 1, 1 r. 

Locality. Oft‘ Wallaby Islands, dredging, two specimens, 12 mm. 

Jiemarks. It is with some doubt that I refer these (wo specimens to 
Haswell’s species, but they agree completely with his short description and 
figures. Of the two specimens, one is apjiarently an immature male in so 
far as it has a pair of penial filaments on the sternum of the last thoracic 
somite, but no appendix masculina on the second ploopods. The other is a 
female. The species is a typical liemihranchiate 6]»hafroraid in the struoturo 
of the ploopods, and would seem to fall into the genus Cymodoce by the well- 
developed mesial lobe in the abdominal notch, by the absence of a mesial 
process on the abdomen of the male, and by tlie well-develoj>ed endopod of 
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the uropods. Tlie body in both sexes is smooth, except for a sparse coating 
of short fine hairs oil the sides of the thorax and on the abdomen and the 
uropods. There are no granulations or small tubercles. In the male, the 
abdomen of which I have figured, the posterior margin of the fourth 
abdominal somite, which is completely separate<l from tlui terminal part of 
the abdomen, is produced into two small tubercles, one on each side of the 
middle line. The terminal part of the abdomen has tv\o large mammiform 
bosses on the dorsal surface* separated by a shallow de[>ression, each with a 
small tubercle on the highest jmrt of the boss. The posterior margin of the 
abdomen is tridentate, a large mesial lobe separated by notches from a small 
lateral lobe on each side. The large median lobe is very miu'h bigger than 
the lateral lobes and almost masks them in dorsal view. The uropods are 
shorter ilian the median lobe of the abdominal notcli, the endopod well- 
developed an<l as long as the exopod, with the apex truncate ; tlie apex of the 
exoj)od is ratlier acute. The female diflers from the male in being without 
the tubercles on the posterior margin of the fourth abdominal somite, and in 
having tlie bosses on tlie term nal portion of the abdomen ](*ss well-marked 
than in the male and without the tubercle on their highest jiarts. 

llaswell’s types were collecleil at Port Denison in Queensland, and the 
species does not appear to have been met with since. The species was 
oniittel from HaswolTs ‘f-atalogue of Australian Crustacea,’ and has been 
lost sight of since the original description appeared in 

(S'MOi>ocE I’KLSAun, sp, 11 . (PI. 2. llgs, ; PI. 3. fig. 36.) 

Localities, Sandy I>land, two males, mm, IMgeon Island, one male, 
8 mm. ; one female, 6 mm. ; and six juv. 

Description of the Male, The sides of the thoracic somites and the whole 
of the abdomen ami uropods are fringed with rather long hairs. Similar but 
much sliorlor hair.s are sparsely scattered over the dorsal surface of the 
thorax. The thoracic somites have a double row^ of small round Inbeivle.s 
extending as a band right across the posterior portion. Tliese tubercles arc 
rather obscure on the anterior somites, liut become successively more clearly 
marked on the posterior ones. They are more clearly defined in the larger 
specimens. The abdomen has an ornamentation of granules and tuhendes, 
as shown in PI. 3. fig. 36, which is taken from a male specimen, h mm. in 
length. The whole of the abdomen and dorsal surface of the uropods is 
finely granulose, and scattered among the small granulations are larger 
rounded tubercles and a few still larger and pointed tubercles. The posterior 
margin of the fourth abdominal somite, which is comph*te right across the 
dorsal surface, is produced into two prominent pointed tiiliercles, one on each 
side of the middle line. Each of these tubercles bears a clump of long hairs 
iiniuediatoly in front. The reniaindor of the anterior portion of the ahdomen 
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is covered with lar^rer and smaller tnbereles. The posterior part of the abdo- 
men has, in the main, three large bosses — an anterior pair, one on each side 
of the middle line, and behind them a single median posterior boss. The 
anterior pair of bosses are somewhat elliptical in shape, and each bears a 
large, prominent, almost erect, conical spine with additional spines at its 
apex. Behind this prominent spine are four or five sharply-pointed tubercles, 
more prominent than the rest of the tubercles and granulations covering the 
surface. The posterior median boss is circular in outline, quite smooth and 
polished, and bearing a single almost erect stout conical spine. The posterior 
margin of the nlxlomen is tridentate; the median lobe rather longer than the 
lateral lobes, with the apex truncate and bearing two spine-like tubercles. 
The lateral lobes have their ap<^x pointed and bearing a single spine-like 
tubercle. The uropods extend some way behind the posterior margin of the 
abdomen ; their dosal surface is covered with fine granulations, with here and 
there a larger and more prominent tubercle. The inner branch is longer and 
stouter than the outer ; its apex obtusely rounded, with a spine-like tubercle 
at its tip. The outer.branch is more pointed than the inner, and has a similar 
spiniform tubercle at the apex. The mouth-parts and thoracic appendages 
present no special features, and the figures which I give of the peduncles of 
the antennules and uttennae, second and eighth thoracic limbs will serA^e to 
show the general structure of these appendages. The second to the eighth 
thoracic limbs are stout and bi-unguieulate, with an armature of strong 
spines on the inner margin of the morns, carpus, and propod us. 

The pleopods are typically hemibranchiate, wbh ihe exojwds of the third, 
fourth, and fifth pairs two-jointed. The appendix masculina on the second 
pair of the male is nearly twice as long as the branches, narrowing to a 
finely-pointed apex, the distal portion curved slightly inwards. 

The female diflEers from the male in having the body smooth, without 
tubercles and granules, and with the hairs on the thorax and abdomen very 
short and very much less numerous. The anterior part of the abdomen, 
i.e. the combined first four segments, has the general surface raised into 
two obscure bosses. The terminal portion of tlio abdornoii has likeAvise tw^o 
bosses, more clearly defined and separuied metlianly by a shallow groove. 
The posterior margin is tridentate ; the median lobe somewhat larger than 
the lateral lobes, with its apex bluntly rounded. 

Among all the described species of the genus Cymodoce^ this species comes 
nearest to C. M. Ed., and its allies (', longutylis^ Miers, C. bicannaia^ 

Stebbing, and (\ zanzibarensis^ Stebbiiig, but differs from all of these species 
by thejargo, conical, erect spine which crowns each of the throe main bosses 
of the abdomen. 1 have associated the name of the discoverer of the 
Abrolhos group of islands with this pretty little species found there by 
Professor Dakin. 
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EXPLANATION OF THE PLATES. 

» 

Plate 1. 

Paraxoaldechia kidderi (S. I. Smith). 

Fig. 1. Telson, X 680. 

2. Peduncle of antenna of male, X 33. 

3. Second thoracic leg, x 33. 

4. Third „ „ X 83. 

5. Fifth „ ,, X 33. 

6. Eighth If X 33. 

Parharpinia villosa (Haswell). 

Fig. 7. Mandible, x 67. 

8. Maxilliped, X 57. 

9. Second thoracic leg, X 33. 

10. Third „ „ X 33, 

11. Fifth „ „ X 33. 

12. Sixth „ „ X 33. 

13. Seyenth „ „ X 18. 

14. Eighth „ „ X 33. 

Ceradocus rubromaculakis (Stimpson). 

Fig. 15. Left third thoracic leg of male, 6 mtn., x 33. 

16. Right „ ,1 I, same specimen, x 33. 

Eurystheus atleudieus (Stabbing). 

Fig. 17. Hand of third thoracic limb of female with lageniform eye, X 460. 

18. Hand of third thoracic limb of young male with oval ey^ x 460. 

19. Hand of third thoracic limb of young male with oyal eye, x 460. 

20. Hand of third thoracic limb of adult male with lageniform eye, x 460. 
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PliATK 2. 

Grubia setosa (Ilaswell). 

Fig. 21. Second tlioracic limb of female, x 22. 

22. Third „ „ „ X 22. 

23. Second „ „ male, X 22. 

24. Third „ „ „ X 22. 

Cilioaopsis clakini, ep. n. 

rig.2«5. Epistume. 

20. Antennule of male, X 22. 

27. Antenna „ „ x 22. 

28. Second thoracic limb, X 22. 

29. Eighth „ ., X 22. 

Cymodoce peharii^ sp. n. 

Fig. 30. Anteniiule of male, X 33. 

31. Aiileima „ „ X 33. 

32. Third thoracic limb, X 33. 

33. Eighth „ X 33. 

Platk 3. 

Fig. 31. CtikaopHiH dak ini, i-p. n., abdomen of male, x 10. 

35, Cymodoce mammifeva, Ilaswell, abdomen of young male, X 1 1. 

30. Cymodoce pelmrti, sp. n., abdoiuea of male, X 10* 

[[ am greatly iiulcbtod to my wife for the drawing’s illnsirating 

thi.9 report.] 


0 * 
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THE PERCY SLADEN TRUST EXPEDITIONS ♦ TO THE ABROLHOS 
ISLANDS (Indian Ocean). 

Under the Leadership ot Prof. W. J. DakiN| F.L.S, F.Z.S* 


On Two Sea-pens from West Australia. By Sydney J. Hickson, F.Il.S., 
Professor of Zoology, University of Manchester. (Comiiiiinicated by 
Prof. W. J. Dakin, F.L.S.) 

[Read 6th May, 1921.] 

At tlie present tinie only three species of Pennatulacea have been recorded 
from the waters of tlio Western coast of Australia, and these were all found 
in Sbark^s Bay, over 200 miles north of the locality from which the two 
species here recorded were obtained. The species previously recorded are 
Policella amiralU by Gray (18t52), Virffularia eleyans by Gray (1870), and 
Pieroides lu/menocanlon by Broch (1010). 

The two specimens obtained by Professor Dakin from the neighbourhood 
of the Abrolhos Archipelago belong to, or are closely related to, species that 
are found in the Malay Archipelago ; but as other species of tlie same genera, 
namely Veretillum cynotnoriuin mnd Pteroeides ffriseum, occur in the Mediter- 
ranean Sea, and the genera are widely distributed in shallow to deep water, 
the presence of the two sea-pens oft’ Abrolhos is a fact of no value, at }»resent, 
for the determination of the affinities of the local fauna. It is quite possible, 
or even probable, that they have travelled dowoi from the North, but it w ould 
not be surprising to find them a great deal further South, as they are not 
tropical forms. 

Veretillum malayense (Hickioti) t* 20 fathoms. Off Long Island. 

Length of rachis 80 mm., length of stalk 60 mm., diameter of rachis and 
of stalk 12 mm., diameter of terminal bulb 14 mm. Autozooids 14 mm. in 
length by 2*5 in diameter. 

The rachis is club-shaped, but differs from the rachis of the type-specimen 
in coming gradually to a blunt extremity. ’ The stalk has a well-marked 

* AcknowMgeineiit must be made here also of a grant from the Governiuent Grant 
of the Royal Society, and a grant from the British Association. 

t '^koga ’ Pwwatulai^ 1916^ p. 48, 
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basal balboas swelling. The antozooids are large, and most of them are folly 
expanded. The siphonozooids are numerous and irregularly scattered on 
the racliis ; they extend a considerable distance down the stalk beyond the 
last aotozooid. The stomodiea have a dorsal ventral diameter of 0*14 mm.. 
The axis is well developed, qnadrangnlar in section, the diagonal measoroment 
being 1*5 mm. in its thickest part. I have not dissected ont the axis from 
this beaotifnlly preserved specimen, but it can be seen through tlie transparent 
tissues to be at least two-thirds of the total length of the colony. 

The spicult’s of the raohis are long, thin plates with jagged edges, large 
ones measuring 0*25 x 0*07 mm., but they are very variable in shape and 
size, and scattered or clustered. In the expanded part of the antozooids, 
spicules are very scarce. I have seen one or two at the base of the tentacles, 
but none in the tentacles themselves. 

The type-specimens of this species were found in the Bay of Bima on 
Sumbuwa Island, Malay Archipelago, at a depth of 55 metres, and I have 
been able to compare the characters of the specimen from W. Australia witli 
the type-specimens which are at present under my caro. The specimens 
from Shark’s Bay that were named by Gray Policella augtralis were trans- 
ferred to the genus Veretillum by Kiikenthal and Brocb, and, in my opinion, 
this transference was folly justified. 

The principal difference between the species Veretilhm malayente and 
V. mttrale is that the antozooids of the former are about twice the size of tlic 
antozooids of the latter. This character — the size of the antozooids — may be 
more variable than we are justified in assuming on our knowledge of the 
half-dozen specimens that have been described, and the two species may be 
merged into one in the near future. But it is clear that the specimen 
described above agrees more closely with the specimens hitherto called 
V, malayenge than it does with those de 80 ril>ed as Pclieella (or Veretillum 
auetralie). 

Ptbboides sp. f, juv. 20 fathoms. Outside Wallaby Group. 

Length of rachis 25 mm., length of stalk 31 mm. Leaves 11>10. 
Number of rays on largest leaves 5. Siphonozodd plate basal. 

This specimen is evidently a juvenile form, os is shown by its small size, l^ 
the small number of leaves,' by the rudimentary character of the lower 
leaves, and by the relative length qt the stalk. It may also be legarded 
as a sign of jovenility that there is obly a single row of antozooids on the 
greater part of the margin of the largs(|i^ leaves, an additional aotozooid of 
what may^be a second row appearing only in tme or two isolated places. 

As it is impossible, in the presmt stale of oor knowledge, to deterndoO 
aocntaiely the reiathms of the jnerndhs fo^B of this genus, ^ prinoipM 
pmht of iidiereitis to oontdder erhiether it is a ^tpventte d thamtHy^i^Mdes hf 
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the genns that has hitherto been identified from the West coast of Australia, 
namely Pt. hymenocaulon. Broch (1910) examined and carefully described 
two specimens of this species from Shark's Bay. One was 94 mm. in length 
and one 140 mm. in length, and therefore it is proixible that they possessed 
most of the adult characters. My reasons for Iwlieving that the young 
specimen from the Wallaby Group is not P, hymenocmilon are : (1) that the 
siphonozooid plate is marginal in P. hymenoeaulon and Imsal in our specimen, 
and (2) that the spicules in the stalk of P. hymenoeaulon are smaller and 
more numerous than in our specimen. I do not wish to maintain that these 
reasons are conclusive, but I am inclined to think that the species to which 
the specimen belongs is one of my Group II. 3 (see Monograph on ‘ Siboga ’ 
Pennatnlacea, p. 231), represented by such species as Pt. yntewn or Pt. 
malayenie. 
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Tiio Banmidse: a Study in Carcinology. By Gilbert Bourne, M.A., 
D.Sc., F.ll.S., F.L.S., lat« Fellow of Merton College, Oxford, and Linacre 
Professor of Zoology and Ooiiipaintive Anatomy. 

(Platks 4-7.) 

[Head 16tb December, 1921.] 

MM. A. Milkb Edwards and E. L. Bouyieu conclude tlie Introduction to 
their Report on the Deomiacea and Oxystonuita dredged by the U.S. Coast 
Survey Steamer ‘Blake’ with the following sentence: — “Nous avons 
distrait dii groupc des Oxystoines la famille des Riininidcs qui nous parait 
aberrante a i»lu.s d’nn titre. Ces Oxystoines anonnnux sont representes par 
de ciirieu.ses formes nouvelles dans les materiaux reciieillis par Ic Blake ; 
nous les cdudions avec la plus grand detail, et iU font prochaiucment Tobjet 
d^une cdude tres complete.” So far as 1 have been able to ascertain by 
search in the records of zoological literature^ somewhat incomplete as they 
are through disturbances arising out of the late w^ar, this promised memoir 
on the Kaninidae has not yet been published, and tlie following pages give 
an account of in}^ own studies on this aberrant and, as 1 shall strive to show, 
primitive family of crabs. My attention was directed to them some eight 
years ago, and 1 spent some time in the attempt to procure a well-preserved 
specimen of Ranina^ of which I had several ill-preserved examples collected 
by Messrs. C. & E. Hose in Celelies. Eventually, after much fruitless corre- 
spondence with other naturalists, 1 obtained a line specimen of Jianina 
dentata from Professor Kishinoye, of Tokio. It was admirably preserved in 
spirit, and 1 have to express my liest thanks to him for his trouble in pro- 
curing me so excellent an example for study and dissection. 

In addition to Raninct^ 1 had examples of the following members of the 
family in the collections of the Oxford University Museum : — 

Notopu9 dersipei^ Fubr. ; tw^o examples collected by fl.M.S. ‘ Nassau ’ in 
the Sulu Sea, 1871-72. 

Ramnoide9 perBonatus^ White MS., Henderson ; one example from the 
Bay o£ Bengal, presented to the University by the Calcutta Museum. 

LyreiduM tridentaJtus^ de Haan ; two examples from JPort Jackson, presented 
to the University by the Trustees of the British Museum of Natural 
History* 

Two examples of a species labelled “Notopos,” collected in the Suin Sea 
by ‘Nassau.’ These 1 am describing as a new genus and 

species und^ the name of Jf^oto$eeles ehimmonis. 
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I have also been able to examine the following species in the British 
Museaui of Natural History, and take this o|>portunity of thanking Dr. W.T. 
Caiman for his courtesy and assistance in bringing the material together for 
examination : — 

Noiopoiden latux^ Henderson. 

Notopus ovatiSf Henderson. 

Lyreidus Channen^ Wood-Mason. 

Zandifer caribensU^ de Freininville. 

Cosmonotm (drayi^ Adams & White. 

The above are preserved in spirit. 1 also had the opportunity of examining 
a dried specimen labelled i?am7?u muricata^ M. Edw., and am inclined to the 
opinion that, while it is a distinct species, it is closely allied to and should be 
placed in the genus yotopus of de Haan. 

Thus I have had opportunities of studying more or less closely nearly all 
the known genera and most of the known species of the Kaninidm, which 
most be accounted one of the most ancient crab families, for it occurs in the 
Cretaceous along with other forerunners of existing crabs. The ])roi>er 
place of the Raninidte in classificatiott has always been a subject of dispute. 
Latreille first placed them among the Brachyura, but subsequently removed 
them to the Macrura. Milne Edwards in bis ‘Histoire Naturelle des (JrusH 
tacts’ (26, 1837) includes them along with the Dromididse, Hoinolidm, and 
Pactolidse as a tribe of his section Anomura Apterura. De Haan (84, 1850) 
showed that the resemblances between the Raninidse and Hippidse w'ero 
superficial, and placed tlie former among the Oxystomata, laying special 
stress on the affinities of Lyreidus to tlio Leucosiidse. ^‘Uti in ceteris 
Oxystomatibus, os Baninoideornm parte nnteriore est canaliculatnin. Uani- 
noidea et Lencosidea unicse sunt forinse inter Decapoda, quorum regiones 
pterygostoiiiianm cum sterno coherent, ita ut inaxillarum quintarum articuli 
primi infra palpos sint disi>ositi et radices ipsis regionibns pterygostomianis 
tegantnr ; unicce, quorum cavitates bmnchiales a parte unteriore simpliceiu 
tantnm nperturam offorunt, nti jam Cl. Edwards observavit. Lyreidus tani 
distinctum yineulum constituit inter Itaninas et Leucosias^ nt vix dubium 
remanere possit, quin justns bic sit illius familiie locus.” 

Boas (4, 1885) retained the Baninidse among the Brachyura, but laid 
stress on their abnormal characters, and concluded by saying, m’est 
impossible de oonipren^re ^ • pourquoi les Banines sent ranges avec les 

autres Oxystomes.” In the ^Ofaalleilger ' Beporis, Henderson (86, 1888),. 
following Milne Edwards* amingeiBeBt, d^cribes the Baninidie among €be 
Anomura, and the same author, in a suheequemt memdr ( 86 , 1893), miikes 
them into a group, Rnnidea, equivalei]^ ^ liiih groups Dromidea mi Hippidea 
of the Anomurar Ortinanu (41, fdbws de Haan in p)a^i^ the 

Bahinidss in the Oxystomata, and subs^uentij (48, 19Q1.) die 
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Oxystoniatu into a diYisioii (Abtheilnncr) equal in value to the Droiniidea 
(Boast’s Droiuiacoa) and the Brachyura, the last-named division includin^r all 
other true crabs. This arrangement^ with some minor modifications, has been 
udopte<l by Alcock (1, 1B96), Borrodaile (12, 1904), and Caiman (23, 1909). 
Against these authorities must be set the opinion of A. Milne Edwards and 
Bouvier, quoted above, and the similar judgment of Boas that the Raninidie 
cannot be included in the Oxystomata. But if carcinologists diftbr as to the 
exact ]>osition that the Raninidic should occupy among the crabs, it is now 
generally agreed (except Ortmann [42], who keeps the Oxystomata apart 
from the Brachyura) that they are true crabs belonging to the sccti(»n 
Brachyura and not to the section Anomura of the Oecapoda reptantia. 
Indeed, this was clearly established by do Haan seventy} ears ago, and it 
will be convenient to enumerate here the Braebyuran characters of the 
Kaninidfe, most of w'hich were recognised by the clear-sighted author of the 
volume ‘ Crustacea' of the ‘Fauna Japonica.’ They are ; — (1) Tlie reduced 
abdomen and the absence of uropods. (2) The absence of pleopods on the 
first abdominal somite of the female. (3) The absence of posterior abdominal 
appendages in the male. (4) The union of the pterygostomial region of the 
carapace wdth the epistome. (5) The adherence of the branchiostegite to 
the thoracic opimera. (0) The reduction of the branchiae. (7) The absence 
of an exopoditic scale on the second antenna. (8) The presence of a sella 
turcica posterior. (9) The expansion of the ischium and merus of the third 
muxilllpeds to form a jdate-Iiko covering to the other mouth-jiarts. (10) The 
presence of orbits in which the eye-stalks cun be concealed, and correlated 
with this the reduction in size of the first and second antenme. Other 
characters might be mentioned, such as the specialisation of the thoracic 
limbs as organs of locomotion, involving a great development of the apo- 
demes forming the \>alls of the cavities in which the muscles of the limbs are 
contained. In other words, it is part of the distinctive facies of a crab that 
the musculature is highly developed in connection with the locomotory 
thoracic limbs, and is feeble almost to the point of disappearance in the 
abdomen. This feature is strongly marked in the Raninidas. 

On the other hand, it is generally recognised that the Raninida) exhibit a 
number of Macruran characters which, on the assumption that the Brachyura 
are descended from the Macrura, are primitive. Among the more important 
of tliese are : — The comparatively w^oll-Jevelopcd rostrum, which, liowever,is 
absent in Cosmonotw^ The proximal segments of the second antenna are 
not fused with the epistome, a priiiiitive feature also shared by the Dromiacea. 
The presence of a sternal canal and the relatively well-developed anterior 
thoracic apodetnes. The narrow and keel-like posteiior thoracic sternites. 
The oviducal apertures opening on the coxae of the third pereiopods, another 
primitive ebaraoier shared with the Dromiacea. The external lolies of th(» 
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«Beoud maxillae are narrow, tbe inner lobea normal (Ortmann). Finally, as 
1 sliall sliow, the nervous system is more Astacuran in type than in any 
other Bracbynra. In addition, the Euninidae exhibit a number o{ features 
peculiar to themselves, and these I shall discuss in detail in the later part of 
this paper. 

For the present it is only necessary to refer to the theory originally pro* 
pounded by Huxley and brilliantly sustained by Bouvier in his essay, ‘ Sur 
Forigine hoiuarienne des Orabes’ (88), that the crabs arc not descended from 
Paguridsa nor from Oalatbeidse nor Thalassinidm, but directly from the 
Astaoura, and in iwrticular from the Homaridte through the Droniiuoea. 

Les Drontiaces par I’interm^iare des Homolodroiiiies ou de formes trcs 
voisines, derivent directenient des Houmrid^s jurassiques ou de Homarid^s 
qni lenr resseniblent.” Exception being made of such crab-like forms as 
JPoretllana, Lithodet, and the Poreellanopaffuntt recently described by 
Borrodaile, Bouvier’s theory of the origin of crabs is now generally accepted, 
and it follows that, if tbe Eaninidse be true crabs, they most be descended 
from a Homarid or Nepbropsid ancestor by way of the Dromiacea. Thus 
Bouvier (88) has given convincing arguments for the derivation of the 
Dorippidse from the Dromiacea, and Alcock (8) sees in his genus Ct/inoiiomojps, 
which differs but little from Cyclodmppe, a number of Eaninoid churueters 
which, he holds, warrant the conclusion that “we have, in fact, in some of 
these deep-sea forms the clearest evidence of the close relation of the lianina 
to the Dorippe ty}>e and quite suflicieni justification for accepting de Haan's 
scheme of the Oxystoinata, almost without modification.'’ Cpmonomops, 
however, is clearly a highly-specialised Oyclodorippid ; it has been placed in 
this family by Bouvier, and its supposed resemblances to the Aaninida: are 
of the most superficial character. If the last-named family were descended 
from the Dromiacea it would hardly be through a Dorippitl line, but it is my 
object to show in the following {lages that the Raninidte, though by defini- 
tion they must still be included among tbe crabs, are not derived from a 
Dromiid ancestor, but have been evolved as an independent group from the 
Astacura. In sustaining this t^sis 1 shall place reliance first of all on the 
nervous system, and secondly on the character and degree of development 
of tbe endophragiual skeleton. 

Onr knowledge of tiie nervous system of the Decapoda is not very exten- 
sive, and wliat we do know is due krgely to the researches of Bouvier (81). 
He has demonstrated that the degree of conoentraUon of the nervous system 
varies so considerably in tbe several groups of, Decapoda reptantia that it 
cannot of itself be takm as a «ire guide of.afiSnity, but I shall be content 
to. found my argument nponn senteBoe tidt^^iricm his essayi * Sur I’ong^ne 
homiurieane des Crabes.* “ Le sy«t4me nervetix des Cmstao^ d^oa^des^ en 
^^jSnhitune coacentraticmjhni||^t^i|^^a^^ kmesureqa’ini <Fi|k>igh4 
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Macroures pour se rapprochor des Brachyures et la reduction quMl presente 
dans le sens de la longueur, esfc un indice, non pas des affinites precises de 
^animal, inais du degr6 d’evoliition canceriennc auqnel il est arrive.” If we 
accept this proposition, and for my own part I accept it without reserve^ 
it must follow that a crab with a nervous system of which the ganglia are 
more concentrated in the longitudinal direction is farther removed from its 
Macruran ancestry than one in which the ganglia arc far less concentrated, 
and that the former cannot be a progenitor of the latter. 

Of the Raninidse I have been able, thanks to the excellent state of preser- 
vation of the example sent me by Prof. Kishinoye, to make a thorough study 
of the nervous system of Ranum dentata and a sufficient study^ of that of 
Lyreidns UidentatxtB^ of which I possessed two well-preserved exani[)les. 
1 iiave also dissected the nervous systems of yotopus dorsipes and yotosceles- 
cliimmonU^ and was able to ascertain that they are of the same character and 
the ganglia fully as much extended in the longitudinal line as in Jtanina 
and Lyreidm^ but their state of preservation did not admit of great accuracy 
in making out details. 

PI. 4. fig. 8 is a drawing of the nerve-ganglion chain of Ranina deniaiay 
us seen from above, the whole series being represented as flattened out in one 
plane. PI. 4. fig. 9 shows the actual position of the nerve chain as seen 
from the side, and its relation to the endophragtnal skeleton. Owing to the 
deep infolding of the sternal apodemes of the posterior thoracic somites, 
the posterior thoracic ganglia and the abdominal ganglia closely applied to 
them are directed nearly vertically upwards. 

The cerebral ganglion is relatively large and quadrangular in outline, and 
the ocular, untennulary, and aiitennary nerves are of largo size ; otherwise it 
does not present any special features. A small i)air of nerves passes forward 
to the rostrum. The circum-oesophagcal connectives are long and stout. 
The small ganglia on either side of the oesophagus give off a fairly stout 
nerve to dilator muscles of the oesophagus as well as the more slender 
connectives of the stoinatogastric system. Tlio post-oesopluigeal commissure 
is well marked. The suboesophageal ganglion mass is largo and goblct- 
shaped in outline, as seen from above, and gives off five stout nerves on either 
side. These nerves are somewhat swollen afc their origins, and the last two 
come off rather apart from the rest and give the appearance of originating 
from a separate ganglionic centre. Otherwise the six ganglia supplying the 
mandibles, first an()» second niaxillm, and three pairs of maxillipeds are 
indistinguishably fused in the suboesophageal mass. It will bo noticed that 
the mandibular nerve does not spring from the suboesophageal ganglion but 
from the ciroum*<Bsophagqal connectives, some way in advance of the ganglion. 
The ganglion pair of the ohelipeds is distinct, but so closely fused to the 
saixBSopbageal mass that the connectives uniting the two are indistinguishi 
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Tfae Mieceeding. ganglion pair, rapplying the first pereiopods, is situated well 
back in ilie thorax, and is connected with the pair supplying the chelipeds by 
two long connectives separated from one another by a well-marked interval. 
The ganglion-pair of the second pereiopods is united with the preceding pair 
by similarly distinct connectives, but only one-third as long ns those con- 
necting the chelipeds and first pair. The connectives between the second 
and third ganglion-pairs of the pereiopods are shorter, but set widely apart, 
leaving an oval space for tfae passage of the large sternal arteiy. The two 
last thoracic ganglion-pairs, supplying the third and fourth pcreiojiods, are 
fused together, and the connections between them cannot be distinguished, 
but the separate ganglia can be clearly recognised. ( 'losely applied to the 
last thoracic ganglion-pair is the chain of abdominal ganglia, completely 
withdrawn into the thorax and represented by a short and thick nervous moss 
divided by distinct transverse constrictions into five segments. The terminal 
segment apparently represents the fifUi and sixth abdominal ganglia fused 
together. Paired nerves issue from each abdominal ganglionic segment, and 
pass backwards closely bound np in the same oonnective-tissne sheath as tlie 
fused mass of abdominal ganglia, but they are represented as spread out by 
dissection in fig. 8. The nerves issuing from the first abdominal ganglion 
segment can be traced to the first pair of modified copulatory abdominal 
limbs of the male. In this condensed and abbreviated representative of the 
abdominal nerve chain no trace of connectives nor of the paired stneture of 
the ganglia can be detected, The alHiominal ganglia and the nerves passing 
from them to the abdomen lie in the concavity of the narrow sella turcica 
posterior formed by the deeply infolded sternal apodemes of the last two 
thoracic segments. FI. 4. fig. 10 is a representation of the ventral nerve 
'Chain olLyreidua tridentatua. Tfae general plan is similar to that of Ranimf 
but tfae details are different. The snboesophagal ganglion is an ovoid mass, 
formed by the fusion of the ganglia of the mandibles, maxillse, and maxilli- 
peds. As I ccnld only count five nerves given off from this ganglion on 
either side, I conclude that the mandibular nerve issues, ns in Ranina, from 
the cironm-oesophageal connectives, but 1 was not able to verify this point. 
The ganglion-pair of the chelipeds instead of being approximated to the 
oesophageal as in Ranina, is placed further back in the thorax and is united 
with the suboesophageal by a thick cord, in which I could not trace any 
separation of the connectives in the middle line. My specimen was none 
too well preserved, but I can say for certain that these connectives are bonndl 
together in the same connective-tissue sheath, llie ganglion-pairs of the 
chelipeds and first {>ereiopods are distant and, as Ranina, their couneetivea 
are separated by a distinct slit-like space. The posterior thoracic ganglia 
more closely approximated than in Ranina, and the short connectives 
the ganglion-pairs of the firat and second pereiopods are honnd 
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together in the same connective-tissue sheath posteriorly, leaving only a 
small circular passage between them anteriorly. The connectives between 
the next succeeding ganglion-pairs are pretty widely divaricated to admit 
the passage of the sternal artery^ and the last two thoracic ganglion-pairs are 
so intimately fused that the separate ganglia cannot be distinguished. The 
abdominal ganglia are precisely like those of Ranina^ but somewhat larger in 
proportion to the rest of the ventral chain. In Notopus dorsipes and 
yotosceles chimmonis the ventral nervous chain presents much the same 
characters, but my cxtim[)les of these species had lain for many years in spirit 
and were too roiten to admit of exact study. In Xotopus the ganglion-pair 
of the chelipeds is separated from the suboesophageal ganglion mass by an 
interval somewhat shorter than in Lyreidus, but the connectives joining them 
are distinctly paired and are not included in a common connective-tissue 
sheath. 

The above descriptions, with the figures illustrating them| show that the 
tlioraco-abdoiniiial nerve system of the Raninidce approximates more nearly 
to the Macruran type than does that of any other Bmchyuran — indeed, more 
nearly than any Anomnran except Ilippa, in which genus, as T have 
ascertained by dissection, the thoracic ganglia are spaced fairly evenly along 
the longitudinal line and arc united by distinctly paired objectives, except 
the last two which arc fused together. The abdominal chain also in Ilippa 
consists of at least five fairly distant ganglion-pairs united by distinctly 
paired connectives, but I have not }et finished my observations on this genus, 
and must postpone the description of its nervous system to another paper. 

As compared with the Docapoda, of which the nervous systems have been 
accurately descrilied and figured^ the abdominal ganglia of tlie Uaninidse 
most nearly resemble the condition found in iJromia vtdcfaris, as described 
and figured by Bouvior (22). I have myself verified the accuracy of this 
iiescription. But in Dromia the thoracic ganglia, though distinct, are 
closely ap|)roximated in longitudinal series, and form a sort of oval beaded 
ring round the perforation for the passage of the sternal artery, as is the 
c^se in Calappa among the Oxystomes, in Corystes, and generally in the 
Catametopan section of the Brachygnatha. In respect of the longitudinal 
concentration of the thoracic ganglia, the Uaninidsc exhibit a much more 
primitive condition than Dromia, Similarly, the extended thoracic chain of 
the Rauinidse is in a much more primitive condition than are the approxi- 
mated though distinct thoracic ganglia of Galathea and Rorrellana among 
the Anomura, though these are more primitive as regards the abdominal 
chain. The same may be said in respect q{ .Eupayurus^ in which the thoracic 
ganglia are in some respects more completely fused together than in the 
Galatheidm* If we carry on the comparison to the Macruran types, the 
Uanintdm cannot be brought into close relation with the Lobsters, and still 
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less with the Crayfishes, because in the first-named Urn thoracic oonneotiTes 
are separate and show but little tendency to lateral fusion. But of all the 
Maomra they most closely resemble Kephropt in this and other respects. 
In boith the snboesophageal ganglion mass is in a very similar state of con- 
centration, the differences being that in Ranim the mandibular nerves are 
given off from the ciroum-eesophageal connectives (this may be correlated 
with the great length of these connectives) and in Nephrops the ganglion 
pair of ihe third maxillipeds retain a certain distinctness. The connectives 
between the suboesophageal and the ganglion-pair of the chelipeds are very 
nearly of the same length and in the same condition of incipient lateral 
fusion in Nephfopt as mN<Aoput, though the concentration is carried further 
in the lateral sense in Lyreulus and in the longitudinal sense in Ranim. 
The connectives between the ganglion-pairs of the chelipeds and first 
pereiopods are much longer in the Raninidte than in Nephrops, but are 
equally distinctly paired in both and show no tendency to lateral fusion. 
The same may be said of the connectives next following. In the Raninidm 
the last two thoracic ganglion-pairs are more (Lyreidns) or less {Rartina) 
closely fused together. These differences apart, if the long chain of six 
abdominal ganglion-pairs of Nephrops were shortened up to the condition 
found in the Baninidse and withdrawn into the thorax, there would be very 
little difference between the two nervous systems. So far, then, as this part 
of their anatomy may serve as a guide, the Dromiacea have progressed 
further from the Macrurous in tbh direction of the Brachyurons type than 
have the Baninidse, but the latter retain many distinct Macrurous features 
and exlubit specially close affinities with Nephrops. 

It will be noticed that there is a marked tendency for the thoracic ganglia 
to form two groups, one at the anterior the other at the posterior end of the 
thorax, in the Baninidse. This most be correlated with the powerful develop- 
mmit of the first, second, and third pereiopods as digging or swijnming 
oi^ns. These limbs are exceedingly strong, and are actuated by largely 
developed muscles enclosed in remarkably deep cavities formed by the endo- 
phragmal skeleton. The size and extent of those muscle cavities as compared 
with those of other Brachyura is one of the most striking features when one 
undertakes a dissection of any member of the Baninidse, and the abundant 
musculature of the limbs makes the dissection of the nervous system difficult. 
It is also worthy of remark that in Lyreidus the last pair of pereiopods are 
very weak and attenuated and the corresponding ganglion-pair is practically 
ianrecognizable, whereas in Ranim, in which the last pair of pereiopods 
differs little in size from the rest, its gaa|^ion-pair is distinct and emits 
largo nmrres to the limbs. 

- Two good figures axe ^ven in Cuvier's *Bigne Animal,’ but otheiirifie 
de iSaan Is t^ only author who has dealt with the endophragmal ot 
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the Banmidse. He siiys (34, p. 136), ^Uhoracis interior structura offert 
aellaiu turcicain iiti tantuni in Brachyuiia, atque canalem sternalem uti in 
Maorouris ceterim tantum invenitur. Apodeinata singula tain stcrni quam 
epiiiieroruin ab utruque parte medio thorace junguntur in quoque articulo 
stemali, canalem sternalem constituentia vertebrarumque formani ])lane 
simulantia. Apodemata cepbalica pariter adsunt quinqiie transversa, ita ut 
Banina* hoc re8].*ectn uppositee sunt Dvomiis^ in quibus apodemata tlioracica 
et cephalica separatiin versus oontrum coinmune petunt.” We have here 
a combination of Mueruran and Brachyuran characters which, when the 
ancestry of the Raiunidse is in question, deserv<>s close study. As a prelim- 
inary to this part of the subject, T must go in some little detail into the 
structure and morphology of the endophraginal skeleton. It was described 
both for Macriira and Brachyuni by Milne Edwards (25), and since his 
day does not seem to have been studied in further detail. We have, sub- 
sequently, the brief but very accurate description of these structures in the 
Crayfish by Huxley (38). His figures, however, are not drawn from a point 
of view that clearly illustrates the structures descTil>ed, and I shall endeavour, 
with the aid of now figures, to make clear some points that are necessary for 
a detailed comparison with the homologous structures in crabs. Fig. 1 1 is a 
ventro-lateral view of the sterna and the eudophragmal skeleton of the second 
and third pereiopodal segments of the common Crayfish, seen from the left 
aide ; the thorax has been tilted over to the right ; the outlines of the 
articular cavities of the ]iml).s have been thickened to make them mor<>i con- 
spicuous. Ventrally we see the keel-shaped sternites, and at the tniter side 
of the posterior end of each is a small articular socket, into which fits a 
corresponding knob on the coxa of the appropriate limb. Above are the 
corresponding epimera, separated from one another by a groove which is not 
a suture but a deep infolding of the cuticle, technically known as an apodeme. 
If we follow this groove down below the up])er limits of the articular cavities 
of the limbs, we see that it bends forwards, then turns rather abruptly back- 
wards, and seems to end just below a little knob which fits into a corre- 
sponding cavity on the coxa of the appropriate limb. Thus the articular 
knobs, which I shall call strophidia,are borne on prolongations of the anterior 
ends of the pleifra, the articular cavities, wdiich I shall call strophingia, 
on the posterior ends of the sterna*. The line indicating the epimeral 

* The»e sniall aHicular kaoVa and cavities have leen desci-ibed in some detail, end their 
laeduusical aetion has la!eii described by iieriick (37), but though often figured, they seeiii 
to have been neglected other authors. As I siiall have occasion to refer to them 
fiequuntly and to use them as landmai'ks, 1 have found it necessary to give them names and 
call the sodeet the tlm peg which fits into it the itropkmyinin. The names are 

.,«4onV(Hi fifom the, peg and socket hinge of a Greek door. For the 

cotteei tcTnMMon of ilm dfidtou^ve strophidium, 1 am indebted to 

'lbr«ibwe Barber of Oidlege. 

VQL. XXXV. 
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-apodeme seeaiB to rad jast belov Ibe articalar knob : in reality it is prolonged 
beyond it, and can be traced along tbe inner and binder edge of the twisted 
lamella or arthropbmgm that separates each articular cavity from tbe one 
next behind it. The ortbrophragm. in fact, is a doable fold of the cuticle or 
apodeme, continuous with tbe pleural apodeme ; the two edges of tbe fold 
run down rather to (he inside of the hinder edge of the arthrophragm, and in 
the entire animal pass respectively into the arthrodial or joint membrane of 
the limb in front and the limb behind. At the lower end of the arthrophragm 
tbe groove forms the apparent boundary between the contiguous sterna, 
hut here again there is no suture ; the sterna are really continuous, and 
are only separated by apodemes. All this is familiar, bnt as separate names, 
epimera, sterna, arthrophragms, etc., are given to the various parts, I have 
thought it desirable, in view of the comparisons that are to follow, to emphasise 
the fact that these names only apply to local areas and indurations separated 
from one another by more or less deep infoldings of a continuous cuticle. 
In the upper and lower parts of the arthrophragm its apodeme is shallow, and 
consequently the arthrophragmal partition extends only a little way into the 
cavity of the body ; but at about the middle of its course the apodeme 
becomes very deep and gives rise to a lamina running upwards, forwards, 
and inwards towards the middle line, short of wliich it expands into 
horisontiilly flattened plate with jagged edges, which makes more or less 
intimate union with its Fellow of the opposite side. The laminse in question 
are the endosternites : they and their flattened summits form the walls and 
roof of the so-called sternal canal within which the thoracic nerve-ganglion 
chain lies. A sternal canal is fonnd in tbe Macrura reptantia and in some 
Anoinnra, but, with the exception of the Raninidse, it does not occur in the 
Brachynra. FI. 4. fig. 1 1 also shows the epimeral apodemes or endoplenrites. 
As tbe articular cavities slant backwards, the endopleurites alternate in 
position with the endosternites, and, as is familiarly known, each endopleurito 
divides internally, sending a posterior branch to unite with the endosternite 
of the segment behind, an anterior branch to unite with the endosternite in 
front, ^fhe result of all these complicated arrangements is that the cavity of 
each limb communicates internally with two imiierfeotly delimited ohambers, 
which may properly be called muscle-cavities as the abductor and adductor 
rauseles of the limbs are attached to the several apodemio ingrowths that 
crastitute their walls. In the Macrura, as the articalar sockets of the limbs 
look nearly vcntrally and the epimera are not much inclined inwards from 
the vortical^ the muscle-cavities lie in nearly the same horizontal plane and 
nttciuate with one another. A consideration of the relative positions of the 
dorsal strophingia and yentral strophidia by which the coxa of the 1|mh is 
hitijed to tbe articular frame will show that the outermost atid slightly 
.^^prsal of the two muscle-eavities encloses tbe abductor masdm whopeection 
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moves the coxa outwards^ backwards, and slightly upwards ; the innermost 
and slightly more ventral muscle-cavity encloses the adductor muscles whose 
action is the reverse of the abductors. 

On comparing the thoracic skeleton of a crab such as Carcimts mamas 
wir.li that of a crayfish or a lobster, the differences are considerable. The 
carapace being removed, the epimera are seen to slope inwards towards the 
median dorsal line like the roof of a house. The sterna instead of being 
narrow and keel-like are widely extended laterally, and form by their union 
the broad ventral plastron across which run a series of transvc'rse grooves 
indicating the sternal apodeines. As a consequence the sockets of the limbs 
are placed not ventrally but on the sides of the body, forming a row which is 
not straight but curved upwards at both ends. In some cases the hinder end 
of the row curves upwards, the fourth pereiopods being dorsal in position. 
Although Dromia is in many respects a primitive crab retaining many 
Macruran features, its endopbraginal skeleton is so characteristically crab- 
like that it will serve for comparison and contrast with that of the Crayfish. 
PI. 4 . fig. 12 is a drawing of the left side of the thorax of Vromia ndparis 
after removal of the carapace. The thorax has been slightly tilted over to 
the right to bring it as mjarly as possible into comparison with PI. 4 . fig. 11, 
and for simplicity’s sake the perspective of the ventral surface of the sternum 
has been omitted. Fig, 15 (PI. 5 ) is a posterior view of the same preparation 
whicli illustrates some features not clearly shown in fig. 12. 

As in Astacas^ the strophingia and strophidia, the former situated at tiio 
upper ends the latter at the lower ends of the arthro[)hragms, serve us 
convenient landmark.^. The most conspicuous feature in the crab is the 
great depth of the arthrophragins, especially those between the muscle- 
cavities of the segments of the second and third and third and fourth 
pereiopods (intersegments xii/xiii and xiii/xiv). It is also characteristic 
that' the three posterior arthrophragms slope forward, tlie two anterior 
arthropbragms backward, in such wise that the flexor muscle-cavil ies of 
which they form the walls converge towards a point situated in the middle 
■of the thorax. A third characteristic feature is that, owing to the low pitch 
•of the gabled roof formed by the epimera (see PI, 5 . fig. 15) the abductor 
anuBcle-cavities lie above and not, ns in the Macrura, in the same horizontal 
plane as the adductor cavities. All these features, which go a long May to 
make up the characteristic cancroid facies, are correlated with the habits of 
crabs. They run much more actively than any Macrura, and the attach- 
ments for the muscles of their pereiopods are proportionally increased. To 
provide these attachments the intersegmental apodemes arc very deep, 
p irticuiarly on the sternal surface and on the sides of the body, and the 
arthrophragms, instead of being mere flattened bars as in the Macrnra, are 
conspicuous partitions extending deep into the body. But their internal 
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odges stop some sray short o{ the middle line and are not ptolonged into 
oonspicnous endosternites. Towards their lower ends they do, indeed, give 
off triangular or thorn-shaped offsets (snob an offset is shown in the inter- 
segmental arthrophragm x/xi in PI. 4. fig. 12), but these are not expanded 
into flattened summits and do not come into contact with their fellows of the 
opposite side of the body. Therefore ^there is no sternal canal. The 
epimeral apodeines or endopleurites are well-developed in crabs and, as in 
Macrura, they bifurcate at their inner ends, the anterior bifurcation uniting 
with the intersoginental apodeme in front, the posterior bifurcation with the 
intersegmental apodeme next liehind, as is shown in fig. 12. It shonld l*e 
noted that in all these respects Dromia has departed so far from its Mncrnran 
ancestry and has token on so completely the clmractera of crabs, that it has 
been possible to make use of it as a typical example of thisasjiect of cancroid 
structure. 

If we now bring the* Baninidse into comparison, taking as our example 
Rardna ilentata, we find a curious admixture of crab-like and Macrurun 
characters, but the latter predominate and the fonner must be called 
deceptively crab-like, for a detailed examination shows that they iniist have 
originated independently, in relation to the habits of the animal, and not by 
way of inheritance from any other recognized crabs. 

In the first place, as may be seen by a comparison of PI. 5. figs. 13, 14, and 
15, the contour of the thorax of Jtanina as seen from behind is more like 
that of a lobster than like that, of a crab. In the crab the width of tlie 
thorax largely exceeds its height ; in tiie lobster the height clearly exceeds 
the width ; in Ramna the height is rather greater than the width. Looking 
at the sternal surface, Raniua has a broad ventral plastron and in so far 
resembles a crab, but the most cursory inspection shows that it is made up 
almost entirely of the greatly enlarged and flattened sternnm of the tentli 
segment'. The more posterior thoracic sterna, particularly those of the 
twelfth and thirteenth segments, are narrow and keel-like ; indeed, tliey are- 
proportionately narrower than in the lobster. The broad sternum of the 
tenth segntent is flat and has no vertical depth; that of the eleventh 
segment has the form of a pair of aliform expansions extending along th» 
posterior edges of the twelfth aternum and making up with it the ventral 
plastron. Posteriorly these aliform scleritM meet in the middle line to foriu 
the short and somewhat thickened body of the eleventh sternum, tilted 
smnewhat upward. The twelfth stemptm is very narrow, of ouD8tderable< 
vertical depth, and is curved upwards. .. The thirteenlli and fourteentli sterna 
are still deeper vertically, and are SO mueh 'tilted upwards that the eavities pf 
tiie third pair of pereiopods look.DMrly.dlreotly backwards and the savltiep 
of the fonrth pair look badkwards ahd wj^wards (PI. 6. fig. 14ih 
articular cavities of the chelipeds pito laterally, bnt tii<K|e pf ihe Jipt. 
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and second pereiopods are almost Tentral. Tfans, in the middle of the thorax, 
the articular sockets of the limbs have the same position as in the Astacurn, 
hut at the two ends their position is similar to that seen in crabs (PI. 5. 
iig. 17). The epiinera of Ranina are of great depth and exhibit peculiar 
features that will be described later ; for the moment it is sufficient to note 
that, owing to the sixe and depth of the epimera, the nrtbrophragins are 
relatively short and as in the Astacura are somewhat narrow curved lamina: 
separating the articular cavities. But, as also in the Astacura, tho arthro- 
phragmal apodomes are deeply extended into the body for a limited space on 
either side of the mid>ventral line. These extensions are the so-called endo- 
stornites, and in all tho Riininidce they are very largely developed, the largest 
of them, namely the inicrsegmcntal jiair xi/xii, extending upwards as much 
as two-thirds of the entire depth of the thorax. As may be seen in PI. 4. 
fig. 9 and PI. 5. fig. 16, the four posterior pairs of endosternites slope 
sharply forwards from their points of origin from the arthrophragms, but the 
intersegmeiital pair i.\/x stands nearly vertically aipl the pair next in front 
slopes somewhat backwards. Tho upper ends of the endosternites are widely' 
expanded, and their innermost expansions, the inesophiagins of Huxley, 
unite in the middle line to form the roof of a very w'ell-marked and very 
deep sternal canal, at the Irattom of which lies the ventral nerve-ganglion 
chain. This is a*>vholly Macrnran character and, us we havi* seen, it is 
unrepresented in Jhomia. In this respect, therefore, as in the nervous 
system, the Dromiacea have de)mrted further from the A'^tucuhin and have 
advanced further tow'ards the cancroid type of structure than have the 
Kaninidse. The former c.mnot be in the direct ancestral line of the latter. 

To return to a consideration of the epimeral elements of the thorax. The 
epimera (fig. 17), with the exception of the last thoracic, have a great 
extent dorso-ventrally and present features absolutely distinctive of the 
Saninidse. That of segment ix stands nearly vertical and the broad 
epimeron of segment x nearly so. These two do not jtresent any specially 
abnormal features, but the three sucoeoding epimera slope sharply forwards, 
so that tbmr upper extremities converge towards the upper posterior angle 
of Hie tenth epimeron, and their extensive lateral surfaces are divided into 
dorsal and ventral moieties by a ridge running obliquely upwards from the 
hind margin of the articular cavity of the cheliped to the insertion of the 
abdomen. Against this ridge tho lower edge of the branebiostegite fits 
closely and is held in position by two projections, one near the anterior edge 
of the eleventh, the oHier at the posterior edge of tlie thirteenth epimeron, 
just in front<^ the articular cavity of the last pereiopods. The low'er moieties of 
the epimera of the eleventh, twelfth, and fifteenth segments arc therefore 
exposed on the sutlaoe, and form a somewhat excavated and roughly qnadri- 
biteral area hetsireea the ooxie the Kmla and the hranchiostegite. The 
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epimeral walls iu this area, being exposed, are strongljr oalciSed. Tliis 
exposure of a large portion of the epimeral surfaoe is a remarkable and 
nnique feature in the Baninidse. Even in the Astacnra, where the lower 
edge of the branehiostegite is free, it reaches down to the bases of the limbs, 
and in all crabs the lower edge of the branehiostegite is so closely adapted 
to the coxte of the thoracic limbs as to leave no passage for water into the 
branchial chamber behind the chelse. This peculiarity did not escape the 
attention of Milne Edwards, but subsequent authors seem to have paid very 
little attention to it. If we now examine the interior of the thorax, we find 
tliiit the npodemes between the ventral and exposed parts of the throe 
thoracic epimera in question are shallow and form nothing more than tno 
inconspicuous thickenings internally, strengthening the framework of this 
l>art of the flanks but not projecting into the cavity of the body. But the 
npodemes above the line of the adherence of the branchiostegites are very 
deep and form well-marked eudoplcnritos which, as usual, bifurcate and their 
branches unite with the expanded summits of the endosternites next in front 
and next behind them. It a]>pears that the excessive depth of the sternal 
canal is correlated with the restriction of the endoplenrites to the upper 
moieties of the epimera or, to put it in another way, with the downgrowth of 
the ventral edges of the epimera beyond the line of the attachment of the 
branehiostegite. The ventral extension of the e]>im«ra is an adaptive 
feature, and receives its explanation when the habits of the animals are taken 
into account. The Baninidse arc digging crabs, with large and powerful 
chelipeds and first, second, and third pereiopods. In many tlie fourth pair ' 
of pereiopods is weak and slender, though in Ramna this last pair is not 
much weaker than the others. The powerful digging limbs imply powerful 
abductor muscles and large adductor muscle-cavities. Beference to fig. 9 
shows that these cavities are in fact nnusually deep, and their extent is due 
to the great length of .the endosternites within the body and to the large 
ventral extensions of the epimera forming their outer walls. The same 
figure shows that, as in crabs, the abductor muscle-cavities lie above and not 
alongside of tlie adductor muscle-cavities. But cancroid as this character 
is, it has clearly a very different origin from the similar arrangement 
in crabs. 

To turn to another feature noted by de Haan, “ thoracis interior offert 
sellam turcicam utt tantnm in Braohynris.” .What is this sella turcica ? 
The name is due to Andonin and Edwards, and the latter author has 
described the elements entering into its oomporition with groat minuteness 
on p. 34 of the first volume the '* Histmus; Nuturelie des (Irusiaeds.* 
Paraphrasing bis description, the selb tnroioB postorior is a little arch or 
TRuU, ctmeave f rom side to side .and convex .from front toba^, formed l>y 
'the forward exten^n and {nshKi together iA the middle line of the Bdarly 
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horizontally disposed intersegmental apodemes xiv/xv ; in other words, the 
apodemes separating the last thoracic from the first abdominal segment. 
This sella turcica is not present in all crabs, but where present the arrange- 
ments indicated above are due to the presence of a deep longitudinal mid. 
ventral apodeme in the last one or two thoracic sterna. The effect of this 
deep folding-in of the terminal thoracic sterna is to raise the hinder end of the 
last thoracic sternum and to throw its artbrophragmal apodemes forward into 
a horizontal position. The edges of the arthrophragms are thus brought into 
contact, and fuse in the middle line. It will be understood from the above 
description that the exhibition of a sella turcica is dependent on the 
formation of a more or less deep apodeme in the mid-ventral line of the 
penultimate thoracic sternum. 

Figs. 13, 14, and 15 are drawings of posterior views of the thorax of the 
lobster, of lianina dentata^ and of Ihomta vidgaris respectively. In llomarus 
— I should more correctly write Astacus ! — the penultimate thoracic sternum 
is large and escutcheon-shaped in posterior view ^ it has a distinct raid- 
ventral apodeme and the central area or inescutcheon is membranous. The 
terminal sternum consists of two distinct quadrangular pieces united at their 
inner angles, and above thes<‘ is a curved transverse bar which appears to be 
a special calcification of the ineiiibraiie connecting the last thoracic and first 
abdominal scgnicnt. It is not present in Sephropif nort:epu‘us nor in the 
(.Tayfish (Potamohms). On either side of this bar the intersegmental arthro- 
I»hrag]iis xiv/xv diverge outwards to unite by slender ends with the large and 
peculiarly shaped epimern of the fourteenth segment. From the front edge 
of the sternum just wdiere it passes into the arthrophragni of each side, the 
two narrow and nearly horizontal episternites run forward diverging from 
one another ; only their tips appear in the drawing. There is no sella turcica. 
Ill lianina the penultimate thoracic segment, though relatively smaller than 
in the lobster, is similarly somewhat escutcheon-shaped. Both it and the 
ante-penultimate sternum have a deep mid-ventrul apoileme, indicated by the 
median suture in fig. 14 and clearly shown in side view in fig. 9. The last 
thoracic sternum, clearly recognizable by the position of the two strophidia, 
is aliform with tapering wings diverging from one another and passing 
forwards and upwards to unite with the last thoracic epimeron. The arthro- 
pbragms xiv/xv are triangular plates arising by their bases from the front 
edges of the V-shaped arms of the lost thoracic sternum. Their apices are, 
in tilie natural position of the animal, directed forwards and downw^ards ; 
their inner surfaces are concave and their admedian edges meet and unite in 
the middle line, thus forming the sides and floor of the deep trough called 
the sella turcica« Fig! 9 shows itie relation of the abdominal nerve ganglia 
and the nerves given off from them to this trough. The anterior ends of the 
arthrophragms in question diverge from one another and, curving outwards 
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beyond the intprsegmental endopleurites xiii/xiv, unite with the inner edges 
of the lower part of the endoplenritea xii/xiii. The sella tardea of Kanina 
is therefore of large extent, larger than in so typical a crab as Carcaivt 
manat. Among the varions Brachyara that I have stndied, it most nearly 
resembles in form and extent that of Calappa. But, ns mentioned above, the 
sella tnrdpa is not found in all crabs. Fig. 15 represents a posterior view of 
the tliorax of Dromia mlgarit. Tlie sterna of the twelfth, tliirteenth, and 
fourteenth segments can easily be recognised by the strojihidia on their outer 
extremities ; the large pair of ventro-lateral projections in front of them 
belong to the eleventh sternum ; their stropbidin, being on their anterior 
face, do not appear in the drawing. The fourteenth (Inst thoracic) sternum 
does not differ much in shape from that of Kanina and offers resemblances 
to that of the lobster. The thirteenth and twelfth sterna arc irregularly 
shaped transverse bars^ of which the outer portions are calcified and 
distinctly separated by apodeme.i, but their adinedian jmrtious lose their 
distinctness and pass into a median inembranons pouch, the walls of which 
are little if at all calcified. There is no truce of a median longitudinal 
apodeme in this membranous representative of the penultimate and ante- 
penultimate thoracic sterna, consequently there is no sella turcica. The 
arthrophragnis of the iutersegment xiv/xv are seen converging forward from 
the anterior edges of the V’chaited arms of the last thoracic sternum, and in 
other crabs they unite above vnth the epimera of their own segment, in front 
with the arthrophragms of the mtersegnient in front, but in the absence of 
the ventral apodeme they fall far short of meeting in the middle line to fomi 
a sella turcica. In this respect, then, Dromia fans progressed less from the 
Macruran towards the Braebyuran condition than Kanincu, and this might be 
fastened upon as an argument in favour of the derivation of the Raninidm as 
of all other crabs from a Dromiacean ancestor, but the transversely elongated 
twelftdi and thirteenth sterna of Dromia are quite Bracbynran in character 
and very different from the narrow and keel-shaped corresponding sterna 
in the Baninidse. 

On the balance tlie evidence afforded by the structure of the hinder part 
of tlie thorax is against the Droiiiiacenn nneesb^y of the lianinidse. 

Another crab in which tbe sella turcica is absent is Philyra Unit, In Tiew 
of de Haan’s emphatic opinion that tbe Leucotfidse are clearly united to the 
Eaninidte through Lyreidut, an o^nion wldch has found favour with subaw- 
gnent authors, the marked differences in ^e sfaraciure of the thorat damiuid 
attention. A detailed comparison of the OniigphmgaMl ifc^etooa of tiw 

Banimdtt and Ijouoosndis is host reserved for the disenssioB of the UMiBdei' 
deration of tbe latter from tbe former * " ' unjnmjmt 

hut it may be conveniently pmnted ot 

k broadest at its posterbr end j 


It in this place that in 
thair^- ■ • 
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transverse to tbe long axis of the body (with the exception of xiii/xv and 
xiv/xv, which arei directly obliqaely backwards from the middle line), arc of 
no great vertical height, and give off no offset to form a sternal canal. The 
alHluctor muscle-cavities are of great length and slope backwards, converging 
to a point at the postero-external angle of the thorax on either side. There 
is no mid-veniral lougitndinal apmleme and the arthrophragm xiv/xv is 
rndimentary, so there is no trace of a sella turcica. The arrangements of the 
several parts are as widely different as possible from those in Lyreidus or 
any other of the llaninidic. 

Though de Haan in the quotation given above (p. 33) draws a contrast 
between the llaninidse and the Dromiacea in the matter of the “ apotlemata 
cephalica,” i.e. the pleural and sternal apodemes of intersegments v/vi-ix/x, 
tbe Kaiiiiiidic show more resemblance to the Dromiacea than to the Astaenra 
in this region, and the two first-named groups differ largely from the lust. 
Passing over the obvious differences due to the jtresence of a broad and fiat 
shield-shaped sternum in the ilaninidse, attention may Im* directed to the 
apodemes enteiing into the composition of tbe anterior part of the sU'rnal 
canal. The render will remember that in the Astnenra, of which Isephyojn 
notregiats may l)e taken as a convenient example, the pleural and sternail 
apodemes of the three intersegments in front of ix/x, though .some are missing 
and others feeblj' devolo^ied, unite to carry forward the .sternal canal towards 
the region of the -month. In front of them Imth the sternal and pleural 
ajiodemes, but particularly the latter, of intersegment v/vi are very largfly 
d'-veloped, and their expanded internal extremities combine to form a 
stout platform between the suboosophageal ganglion mass and the stomach, 
known to the older ciircinologists as the sella turcica anterior. Huxley 
named this platform the cephalic a()odeme. In Xotopus and Rantna, the 
only two genera of the Haninidsc in which I have been able to study 
these structures in detail, the endosternites and endopleurites of intersegment 
ix/x are normal (figs. 9, 16, & 17), the former standing nearly vertically above 
the plastron and ending above in slightly expanded summits which are 
joined in the usual way by the anterior branches of the corresponding endo- 
plenrites. The endosternites of intersegment viii/ix are small and directed 
backwards to touch the summits of the endosternites behind them. The 
endopieurite of intersegment viii/ix is miunte, is net.branohed, and converges 
towards the point where endosternites viii/ix and ix/x come into contact. 
Intersegment vti/viii shows only rudimentary endosternites, but its endo- 
plvoritM Are (uirfy well developed, exhibiting ft very short Anterior branch 
mnt/ A poetetior braaob whioh imket eoaneotion with endoaternite viii/ix. 
In interpegmsat vi/vli (here is no iweogoixabla endosternite, but the endo- 
pienrife U present in tlrt, form of a small incurved lamelia. Intersegment 
v/vi is largely maatbniiHoili, and neither oniostemitea nor endopleurites can 
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be disUngnisbed in it. Hence there is nothing to correspond wiidi the sellti 
turcica anterior of the Astaonra. In Dromia mlgarit much the same elements 
can be identiBed as in the Baninidte, but the sternal and pleural apodonies 
of intersegment ix/x do not meet to form a sternal canal. Similarly the 
sternal and pleural apodemes of intersegment viii/ix unite on each side to 
form a curved shelf running inwards from the thoracic wall, but leave a wide 
space open in the middle line. The pleural apodemes vi/vii are fairly well 
developed and project some way inwards and backwards, but are far from 
approximating in the middle line. The intersegment v/vi is fairly stout, but 
is simply an arthrophrngm without any ingrowths that can be distinguished 
as endosternites, and though the sixth pleura are well developed, they have 
no inwardly projecting apodemes 8ui>aniting them from tlie membrane that 
corresponds with the fifth pleuron. In all these respects Dromia has 
departed farther from the' Astacuran condition than have tlio Baninidti;. In 
another matter also, the Baninidse stand closer to the Astacura. In the last 
named, for example in Nephrop», the ninth, eighth, and seventh sterna do not 
lie in the same straight line as the thoracic sterna behind tliem, but aro 
directed upwards, so that a line drawn through them forms an angle of about 
140° with a line drawn through the hinder ends of the more {msterior 
thoracic sterna. 

In the Baninidte, as shown in Bg. 17 for 2fotopu», a line dmwn through 
the seventh, eighth, and ninth sterna forms an angle of 134° with a line 
drawn through the tenth and eleventh sterna. In Dromia the corresponding 
lines meet at an angle of 108°. This is another character in which the 
Dromiaoea have departed farther from the Astacuran type than the Baninidte, 
but, as regards the six post-oral segments, it would not be quite accurate to 
say tiiat they have advanced further towards the cancroid type. There are 
certain points of resemblance between the Dromiacea and the Uaninidta 
which may be taken as evidence of but slight modification from the common 
Astacuran stock from which both have descended : not, however, as evidence 
tliat one group has descended from the other. The evidence so far tendered 
shows that the Baninidas in their nervous system and in the characters qf the 
endophragmal skeleton aro much more nearly akin to the Astacura than are 
Dromiaoea ; they are, therefore, the more primitive group and cannot. Itave 
descended from the less primitive. In both groups the departures from the 
Macruran type as exhibit^ in the first six post-oral segments are due to the 
acquisition of a broad sternum in the tenth segment and the upward cant of 
the sterna immediately in froot of it, witli w}ii<di are associate the retreat 
of tibe sub-OBsopbageal ganglion mass into the thorax (see fig. 9 for Bdnitta), 
the decrease in length of the oarapdqo and the increase in widtir ,of its 
anterior margin. The mouth U also b^ght to a more antenmr and .less 
rentml posUira than in the ICaoratm. / 
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Correlated with these modifications is the extent to which the epimera of 
the }>ost-oraI segments are involved in the branchiostegal fold. In most 
of the Brachyura that I have examined they are more intimately involved 
than is the case either in the Kaninidsc or in the Dromiacea, and the corre- 
sponding sterna and arthrophragnis are modified and exhibit features 
departing more widely from the Astacuran type. A preliminary survey 
leads me to believe that a study of the structure and relations of the first six 
post-oral segments in the Brachyura will yield results of considerable idassi- 
ficatory value, but any attempt to discuss the subject would involve a long 
digression, and it cannot be pursued any further in this ])lace. 

But, before instituting a comparison between the pre-oral sterniies and the 
adjacent parts of the exoskeleton in the Dromiacea and Kaninidse, it wdli bo 
necessary to make a considerable digression with the purpose of clearing up 
doubtful points in the morphology of this region in the Decapoda reptantia, 
and defining more precisely certain terms which, to say the host of it, are 
used in an ambiguous sense by carcinologists. 

In the Astacura and in Brachyura in general therd is in front of the mouth 
a plate, usually of considerable breadth laterally, but of variable extent antero- 
posteriorly, to which is given the name of epistome.’’ Behind this is the 
irinugiilar, or in Brachyura the more often quadrilateral urea known as the 
‘‘ mouth-frame,” The confusion arising from the loose application of these 
names is really remarkable. They are due to Milne Edwards and Aiidouin, 
and it will be well to quote the former author in extenso (25, vol. i. p.251): 

Ell urricn*e des fossettes autennuires, on voit line surface plane, plus ou 
inoins ctendue, qui represente le troisieme anneau cephalique et qui poste le 
noin A^idstome. L'espace occupe par Tepistome, les fossett(».s auteiinaires et 
la base des antennes externes coiistitue ce quo nous appelons la region 

antennaire Les parties latcrales et inferieures de la carapace, que 

nous appellerons regions pterygostomiennes, sont toujours dirigees plus ou 
moins obliquement eii deliors et en haut, et sur la ligne m^liaiie dies laissent 
entre elles un espace vide qui est occujie par I’appareil masticatenr et qiie 
nous d^signeroiis sous le nom de vadre hnccal ; tantot ce cadre buccal k la 
forme d’nn quadrilat^re asse% regulier, tantot il est triangulaire, et e'est 
toujours k sa par tie anterieure que vienuent se termiuer les conduits efferens 
des cavites branchiales.” The definition of the epistoiiie ” is sufficiently 
exact ; it represents the sternum of the third cephalic segment, that is, the 
antennury segment. Huxley ( 38 ) calls the epistome *^the sternal region 
which appertains, in part, to the antennae and, in part, to tlie mandibles.” 
He was correct in recognising the inclusion of the mandibular sternal 
element in the epistome,” so we must take the term to connote the con- 
joined antennary and mandibular sterna. Both Milne Edwards and Huxley 
further recognised the distinctness of the antennulary sternum lying in front 
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of tibe epistoim.” Bat the French natnmlist, usually so exact in the 
ilednition and use of anatomical terms, goes sadly astray in the application 
of the terms under discussion, and has thus introduced a confusion which 
has persisted in carcinological literature down to the present day. Thus in 
vol. ii. p. 170 of the *HUtoire Naturelle des Grnstacds' we find it stated of 
JDromia, “I’^pistome est triangulaire,” bnt clearly the triangular sternal 
element here referred to is tlie aatenmilary sternum {see ir^ra, p. 50). in 
the same place he says, “ le cadre buccal est h pen pr6a carrd,’' and it is clear 
from an examination in this region in Dromia, that the “cadre buccal*’ 
is the combined antennary and mandibular sternum, that is, by h'S oan 
definition, the epistome. Again in vol. ii. p. 97 we find it stated of the 
Oxystoinatous crabs, “ le cadre buccal est tout-iirfait triangulaire,” and on 
p. 102 of the Oolappidse, “ il n’y a point d’epistome distinct.” But a study 
of these crabs shows that the triangular “ cadre buccal ’’ is chiefly made up 
of the antennary slernmn, i.e., it is the epistome, which is said to be absent ' 
Among more recent authors, C/alman (23, p. 257) writes: “the antennal 
sternum is mainly represented by the epistome, a plate of varying shape 
lying between the labrum and the bases of the antenna), ” and furtlier on 

*Hhe buccal frame is more or less distinctly delimited by the epistome 

itself or by a transverse ridge which divides the epistome into two ^larts, 
the epistome proper and the endostome or palate.” He does not, with 
Huxley, recognise the inclusion of the mandibular sternum, but there can be 
no doubt that Gulman identifies the greater part of the “ epistome *’ with th<‘ 
antennary sternum. A little further on the same author makes the following 
statement : “In ail the Brnchyura the rostrum or frontal plates (>n<ls down- 
wards in the middle line a process which unites in front of the ophthalmic 
atid antennnlar sterna with the epistome and separates from one another 
the basal segments of the antennules.” This represents accurately enough 
the prevailing opinion on the subject, and indicates quite clearly that the 
antennulary sternniu is not to be regarded as a component part of the 
epistome.” But, whilst this part of the statement is accurate, the re- 
maining part is most inaccurate, for an examination of a large number of 
crabs belonging to diverse families shows that, with very few exceptions, the 
downward process of the front or rostrum does not unite with the antennary 
sternum, that is with the epistome^ but with the antennulary sternum. The 
fact is so dbvious that it is difficult to understand how tlie error originated, 
the mmre so because Milne Edwards, however obscure he may have been on 
the subject of the epistome, is quite definite and exact on this point.; “ Le 
front se prolonge an-dessus de Ha&neau qni port* les yeux. Dans le jMum 
fige, oat annean reste k ddeouvori ant^rienrement, et les yeux ne sent pgs 
dsns des cavitds oiduialres eompldtes; msis, plus tard, la psrtie 
fialdrieui^ du front se rdunit, sur la ligne tnediaae,k tine ptoldngeaMmt de 
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rarceuu inf erieiire (lu second anneaii, de fac^oii a'entourer coin|)letcmciit le 
segment oculaire qu’on n^ipor(;oit plus qu"a riiiterieur de la canipace (25^ 
vol. i. p. 250). 

It is not necessary to push tbo question further, for the above quotations 
show that the terms “ epistome ” and moutli-frame ” (cadre buccal) have no 
definite connotation, and bein^ incapable of exact application, must be dis- 
carded in favour of a more precise terminology founded on an appreciation 
of the morphological elements entering into the composition of this region. 
It is, however, no easy task to give such an appreciation. 

A consideration of the more simple and primitive arrangements obtaining 
ill the Maonira must precede a discussion of the highly modified relations of 
homologous parls in the Brachyura,and for this purpose Sephropa uorvegints 
may be selected as an exaini»le. Fig. 19 is a frontal and fig. 20 a lateral 
view of the cepbalic segments of this species. In both the rostrum has been 
cut through near its base, thfj ocular peduncles have been cut through near 
their origins, and in fig. 19 the edge of the carapace has been cut away 
where it overlaps the external boundary of the right antonnary fossa. The 
first point for consideration is, wliat constitutes the anterior extremity of the 
copliulothorax ? Not, I think, the rostrum. Huxley (38) has given reasons 
for regarding the rostrum as a forward ])rolongation of the third or antennarv 
somite, and although, following Milne Edwards, he based his identification on 
the somewhat doubtful evidence afforded by the anterior bead segments of 
adult Stomatopods, there is no reason to go so Far afield to obtain evidence 
in support of this view. [ii the dee^i-sea Pemeidic, Benthesivymus atfus and 
Jlemijieneiissjyitntlorsalis^ the ocular and antennulary segments are sufficiently 
distinct and freely moveable on one another to afford abundant justification 
for it. It is also evident from an inspection of fig. 20, that in SepJirops the 
ocular segment lies in front of the base of the rostrum and has its proper 
tergum in the form of a median sclerite of cartilaginous couMstency, little 
if at all calcified, but none the less definite in form and extent and clearly 
r6Cognir.ablo as a distinct element in the exoskeletoii of this region. The 
side-walls or epimora of the ocular segment are thin and membranous, but 
the sternum is a distinct triangular piece, scarcely calcified and of much the 
same cartilaginous consistency as the tergum. It has been recognised by 
all. previous authors. Immediately behind the ocular is the easily recogniz- 
able antennulary sternum, and to the right and left of it are the articular 
sockets of the antennutes, separated by the arthrophragins ii/iii from the 
antennary sockets. The antennulary segment is completed, as has been 
shown by previous authors, by the aliform calcified plates which form the 
greater part of the walls of the sliallow excavations in which the ocular 
. peduncles rest when tamed outwards and represent the epimeru of the 
antennulary segment^ I agree with Huxley (38, p. 157) in identifying a 
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narrow transverse bar at tbe base of tbe rostrum with {the terguin of the 
antennulary segment. Iliis bar is easily seen from the inside, bat does not 
appear in a front view, being concealed by the base of the rostrnm. Bight 
and left of it are two deep crescentic grooves which are the external indica> 
tion of two deep aliform apodemes to which the anterior gastric muscles are 
attached. The apodemes in question are known as the procephalic lobes, 
and various suggestions have been made as to their significance, but, in my 
opinion, they are simply the well-developed pleural apodemes of the inter- 
segment i/ii. Thus far the interpretations 1 have given are hardly, if at 
all, at variance with those of previous authorities, but the homologies of 
tho antennary and mandibular segments present greater difficulties. The 
so called epistome of Ifephrops, as also that of the lobster and the crayfish, 
is clearly made up of two parts : an anterior broad plate the lateral regions 
of which are produced right and left into broad divergent wings, giving the 
whole the shape of a broad inverted V. Behind this, fitting closely into 
the angle of the V, but separated from it by a distinct groove, is a somewhat 
projecting narrow carved bar the outer extremities of which end in incurved 
knobs, which knobs are excavated internally to form the strophidia for articti- 
tion with the inner articular processes of the mandibles. The presence of 
these strophidia is of itself evidence that the Im in question is the mandibular 
sternum. Tho transverse groove in front of it deepens in the middle line to 
form a triangular pit or d<q)rc88ion and on the inner surface is a correspond- 
ing projection — ^in fact, an apbdeme for the attachment of muscles. As 
transverse apodemes are always iiitersegnioiital, this groove with its median 
apodemo indicates clearly enough the boundary between the antennary ami 
mandibular sterna. The antennary epiineron of either side is represented by 
the very narrow carved bar forming the outer boundary of the antennary 
socket. This bar is united by a membranous fold to and is overlapped by 
the fold of the anterior margin of the carapace forming the commencement 
of the brauchiostegite. Posteriorly this bar bends inwards to form the 
thickened interned rim of tho antero-lnteral margin of the antennary 
sternum, and though it is completely fused with the latter, 1 do not doubt 
that tins thickened rim represents the intersegmental urthrophragni iii/iv. 
jRlxternally tlie antennary epiineron expands and passes, without any obvious 
line of demarcation, into tbe calcified plate marked a in fig. 18. In 
Nephropt this plate is firmly fused to tbe outer edge of the V-shaped 
autMinary sternum, and is set back at an angle to it in suck wise as to form 
the inner and upper wall of the anterior part of the exhalant branchial canal, 
but in both Uie lobster and the crayfish it lies mere nearly in the 
plttCte as the antennary sternum and takes little or no part in the ftvmation 
t^e branchial canal. Tbe postero-internal margin of this plate is thickened, 
jprodTOed backwards, and mgages in a groove on the front surface the 
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mandible, lihos forming the hinge-line about which the mandible rotates. 
The {K>stero-externa1 edge of the plato is ill-defined and passes into an 
imperfectly calcified area forming the roof of the branchial canal. The 
membrane narrows posteriorly, and arriving at the external articular pro- 
cess of the mandible, again becomes calcified and thickened to form a rather 
large strophidiuin for articulation with the mandible. After comparison 
with many other species, I have satisfied myself that the whole of this area, 
calcified in front and behind, but imperfectly calcified or membranous in 
the middle, represents the epiineron of the mandibular segment, which 
in the Astacura is fused to the antennary epiineron, but in some primitive 
Brachynra, as I shall show subsequently, is quite indejiendent of it and 
also of the antennary sternum. lielying on these interpretations which, 1 
venture to think, will be accepted by anyone who makes a careful compara- 
tive study of this region, I shall henceforth discard the misleading and 
purely topographical names in general use and speak of the sterna, epimera, 
etc., of the various segments. 

Before bringing the RaniuidiB into comparison it will be well to consider 
the characters presented by some other Oxystome crabs, particularly' of 
the Borippidse from which, according to some authors, the Itaninidac are 
descended. I have studied Ihrippe lunata, M. Edw., j^'Ethusa ciliatifrons. 
Fax., and ^thufina ffmeilipes, Thiers. Of these the last-named species 
shows the most primitive and interesting features, and its mouth-frame and 
antennary region are depicted in fig. 21. The basal joints of the antennules 
are enormously infiated and intoqiosed betwemi the exposed portions of the 
.ocular peduncles and the rostrum. The antenntc have a four-jointed peduncle 
and a fairly long fiagellum ; the basal joint is small but freely moveable. 
The downward process of the front or rostrum articulates with the anlennulury 
sternum, the latter lioing produced right and left into wings which are 
adapted to the shape of the infiated basal joints of the antennules. In this 
species the antennulary sternum is largely exposed, only its posterior margin 
is overlapped by the front end of the spout-shaped antennary sternum. 
The latter sclerite is well defined and the sutures uniting it to adjacent 
parts can be seen clearly. It consists of a central somewhat scutiforin plate 
with antero-external projections of which the edges are iiirolled rentrally to 
form the spout-shaped Oxystomatous mouth. It is to the liinder ends of 
tliese lateral infolded projections that the pterygostomial processes of the 
carapace are united. Behind the body of the antennary sternum is the 
mandibular sternum, a very slender but distinct and calcified carved bar. 
lliglit and left, intervening between the lateral wings of the antennary 
fttemum and the outer ends of the mandibular sternum, are two distinctly' 
defined oval plates forming the roof of the anterior part of the branchial canal 
and extending so fur backward that they supply the articular strophingia for 
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the external artionlar prooemes of the inundibles. There can be little doabt 
that these lire the epiiuera of the mandibular segment, and that they are 
homologous withi the less sharply defined areas similarly identified in the 
Astacura. 

In Mthtm tiliatifrons the arrangements are very similar to those in 
^thuatia, but the individual sclerites are not so easily distinguished. In 
this species the spout-sha{)ed anterior end of the ontennary sternum is pro- 
duced so far forwards that very little of the antennniary sternum can be 
seen in a surface view. The mandibles also are reduced in sise and the 
mandilular sternum is membranous. In Darippe lamta the sfiont-like 
anterior end of the antennary sternum is produced forward to such an extent 
that it articulates with and overlaps the downward process of the rostrum, 
thus completely concealing the antennuliiry sternum. This is one of the 
rare instances in which union is effected between the rostral process and 
the antennary sternum. In Dorippe as in ^thuta the mandibular stemuiii 
is almost wholly membranous, exhibiting only two small calcifications in the 
region of the strophidia. The mandibnlar opimera rre large and distinct, 
triangular in shape, the apices of the triangle produced backnards. The 
body of the antennary stemniu exhibits a large central boss in front of ibe 
mandibular sternum, which might, at first sight, be taken for a forward 
median extension of the latter, but it obviously -has no coiwection with it. 

After this survey of one of the families of the Oxystomatous cralw, the 
Runinidm may be brought into comparison. Fig. 22 is a front view of 
the present region of Notopm 4o^$ipeg, all the appendages being removed 
with the exception of the right mandible and the left ocular peduncle. 
Fig. 23 is a similar view of Jtanina dentata, and figs. 24 and 25 illustrate the 
same regions in Ifototeeles and Lyradus. For descriptive purposes Notopxtg^ 
a less modified genus tban Ranina or Lyreidus^ will bo taken as the example 
of the family. The first thing to be observed is that the antennary sockets 
are relatively large and situated behind rather than to the sides of the 
antennniary sockets. - In this reepect Netopvt more nearly resembles 
Homarus tlian Niphropt, for in the latter the antennary sockets are dis- 
placed laterally. Reference to fig. 29 shows that in Ntrioput, as in all 
Rauinidse, the antennary peduncle is five-jointed, the basal joint being freely 
moveable, short anterQ*posteriorly but of relatively considerable width ven- 
trally, and it bears the excretory aperture on a distinct prominent tubercle. - 

In Nidoput and in JRanilh^ hS, £dw., the antennary fiagelluni is mnlU- 
articulate and of considerable l^gib, with special features which wfil 'be 
referred to later. All these chaiwctere iu'e Macruran. Tlte anienanleft 
(fig. 28) with their enlarged basal segtnepts ani^ abbreviated few^l^ted 
external and internal fiagella ere aiwe d^crdd in character, hut thi haiai 
joints are not infiated to anyiliii^l^ eem extent os in the IMs^fpidse 
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and the antennary sockets lie well behind the ocniur peduncles ; there are no 
antennalary fossse internal to the orbits. The ocular peduncle of Jlauina^ us 
is well known, exhibits these calcified segments bent at an angle to one 
another when the peduncle is retracted into its orbit. Reference to fig. 22 
shows that there are similarly three segments in the ocular peduncle of 
Kotopus^ but the two proximal are very short, the greater part of the 
|>edanole being formed by the elongated distal segments which, when turned 
backwards and downwards, rests in an elongated orbital excavation fringtHl 
with hairs. Tliere is no division of the orbit by a downward growth of the 
front external to the antennules, and the proximal segments of the ocular 
peduncles are inserted close to the middle line on either side of the rostral 
downgrowth. In all these respects the Buninidse have departed very little 
from tlie Astacuran type and differ from the more cancroid characters 
exhibited by the Dorippidse. In Notop%is the downward process of the 
rostrum is narrow and strongly keeled ventrally ; its dovetail-like articu- 
lation with the antennulary sternum is well seen in fig. 22. The anteniuilary 
sternum is escutcheon-shaped, strongly keeled in the middle line, and narrow^ 
posteriorly. It has a certain amount of mobility on the antennury steriium, 
which latter structure is a broad triangular or rather V-shaped plate the 
apex pointing forward, the antero-lateral margins raised and thickened but 
not infolded and forming part of the inner wall of the antennary sockets ; 
more posteriorly these margins are united to the pterygostominl lobes of the 
carapace. The ventral surfiice of the antennary sternum is deeply excavateii 
to form the exhalant orifice of the branchial canals ; its anterior moiety is 
divided into right and left channels by a low' median ridge, posterior to which 
the right and left branchial canals are separated from one another by a large 
ventrally projecting hood. This hood, which is characteristic of the Kani- 
nidse, is the greatly fleveloped median part of the mandibular sternum, and its 
postero-exiernal corners are produced right and left into curved horns at the 
extremities of which are the strophidia for the articulation of the mandibles. 
The suture between the antennary and mandibular sternum is well marked 
ill all the Raninidss I have examined. The shape and size of this hood-like 
mandibular sternum and its relations to the antennary sternum in front and 
the labrum behind are shown for lianina in the perspective* sketch (fig. 2(!). 
The figure also shows the curved lines of hairs guarding the exit of the 
branchial canal ; the posterior and more prominent line of hairs marks off 
an oblong plate forming part of the roof of the branchial canal, and ns a 
distinct suture can be observed internally corresponding to the external lino 
dE hairs, 1 identify this oblong plate with the mandibular epimeron. In 
N&i&pm the exit of the branchial canal is guarded by a diffuse hairy 
patch, and the area behiiid this, drawn out into the triangular projection 
sho^n Jin fig« must be taken to repreeent the mandibular epimeron, 

nxKK. rot. xxjtv. 4 
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but it is so intimately fused to the antennary sternnm that no suture is 
visible. 

Posteriorly the mandibular epimeron is continued into the flexible mem- 
brane forming the roof and outer wall of the branchial cannl. In Nototcelet 
(fig; 24) the antennary sternum is very short, is easily separable from 
the antennnlary sternum, and the intersegiuental arthophrragm iii/iv in 
front, and the mandibular epimera appear to bo wholly membranous. In 
Lyreidus, on the other hand (flg. 25), in keeping with the great elongation 
of the pre-oral region of the carapace, the anterior part of the antennary 
sternum is greatly produced and to a certain extent overlaps, but does not 
conceal, the antennnlary sternum. The regions of the mandibular epimera 
are also produced far backwards on either side of the mandibular sternum 
and are calcified, -but 1 cannot find any line of division between them and 
the antennary sternum. It should l>e observed that in Lyreidvs the pterygo- 
stomial lobes of the carapace are produced far in front of the mandibles 
and are united for a considerable distance with the edges of the antennary 
sternum, a condition very different from that in the Leucosiidse, with which 
Lyreidug has so often been compared. 

From what precedes it is evident that the Kaninidse diverge so much from 
the Dorippidss and are so ranch more primitive in several inipoi*tunt par- 
ticulars, that they cannot he descended from the latter family. Nor does a 
oomparismi of the pre-oral segments give any support to the descent of the 
Baninidse from the Dromiacea. ,Fig. 27 is a frontal view of the antennary 
and oral regions of Dromia vulgarig. The antennse and antennules have 
been removed and also the left ocular peduncle, but that of the right side is 
left in place. The whole facies is more cancroid than in the Huniiiidse. The 
proximal ends of the ocular peduncles, concealed behind the inflated basal 
joints of the antennules when the latter are in place, are membranous. The 
antennnlary and antennary fossae are small and lie in nearly the same trans- 
verse line. The orbits so far resemble those of the Raninidse that there are 
no downward processes of the front external to the antennules. The median 
triangular shield with the apex directed forward is the aiitennular sternum, 
and evidently is what Milne Fdwards called the “ epistome ” (Iw. at.). It 
is separated by a distinct but shallow membranous apodeme from the 
antennary sternum b^ind, and there is a certain amount of mobility between 
. these sterna. The apex of the antennnlary sternum fits into a deep depres- 
sion of the downward process of the rostrum, but can easily be pulled ont of 
it. The antennary sternum forms the anterior boundary of the so-eallad 
mouth-frame, and consists of a median bil(d>ed Brea and two lataral wing-^ 
shaped arUas marked off from the former by grooves. The two lobes (ff the 
median area are nearly square in outline and separated from otse 
a daep median fissure ; tiieir anterior margins are thickened «n<t irit^ted, 
\fonamg h prondneat ledge behind- the base of the antenht^ny. .^ssnuiu. 
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Each of tlic lateral is armed anteriorly with a proiiiinent ;^pine ; its 

outer border is nearly straight and makes nearly a right angle with the 
transverse ledge formed by the median lobes ; its inner border is thicketicd 
and curves round the outer extremity of the mandibular sternum. The last- 
named structure is a projecting curved bar intimately fused to the median 
area of the antennary sternum, but marked off by a groove which in the 
middle line deepens to form a triangular fossa. Laterally the mandibular 
sternum seems to terminate in a pair of incurved prominences for articula- 
tion with the inner articular processes of the mandibles, but is clearly 
prolonged beyond these as a pair of diverging horns intimately fused to the 
postero-internal edges of tlie aliform external areas of the antennary sternum 
but projecting slightly beyond the latter. The mandibular epimera are 
largely membranous, but their antero-internal ends are calcified to form the 
two plates marked in fig. 26 which form the roof of the anterior part of 
the exhalant branchial canals. A comparison of figs. 19^ 22, and 27 will, I 
think, convince the reader that in the whole make-up of the jire-oral region 
the Dromiacea have departed further from the Astacuran type than have the 
Kaniflida^ particularly in the reduction of the rostrum, the greater develop- 
ment of the suborbital lobe of the carapace, the membranous condition of 
the inner moieties of the ocular peduncles, the size and relative positions 
of the antennniary and antennary fossa;. Further, the modifications of tin* 
antennary and mandibular .sterna are widely divergent in the two groups. 
It may be objected, and there would bo some force in the ol)jection, 
that the genus Dromia, on which I have relied for study of details, is a 
much modified and specialised genus of the Dromiacea, and that I should have 
directed iny attention rather to the more primitive genera, Homolodromia and 
JXcranodromiify on which Bouvier so largely relies in establishing his theory 
of tlio Astacuran origin of crabs. Unfortunately examples of these rare 
and instructive forms were not at my disposal, but they have been do^icribed 
in sufficient detail by A. Milne Edwards and Bouvier (28), and a reference 
to pi. i. fig. 2 and pl.iii. fig. 2 of tbeir admirable memoir will convince the 
reader that 1 am justified in extending the results of my study of tiie genus 
Dromia to the more primitive members of the group and in asserting that in 
the make-up of the preniiral region, as in other characters previmisly dealt 
with, the Dormiaceii have departed more widely from the Asbiciiran type 
than liave the BAuinidse, and therefore cannot be enrolled in the ancestry of 
the latter. 

1 submit that, by a detailed study and comparison of the nervous system, 
the endophragmal system' of the thorax, and the cephalic segments, T have 
proved the first part of my thesis and have shown that, wliilst there is plenty 
of evidence for derivktg each group separately from an Astacuran ancestor, 
Ute Raniuidss cannot be directly descended from a Dromiacean stock. The 
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palsBontolt^ioal evidenoe available, as far as it goes, supports this thesis. 
The BaninidsB are ancient forms among crabs, and ‘when they make tlieir 
first appearance have their characteristics folly developed. The earliest 
fossils of which I can find a sufficiently exact aoconnt are RamneUa Trigeri 
from the gr^s verts of Maine (France) and R, elongaia from the cretaceous 
beds' of the Sarthe. Both deposits belong to the Tnronian division of the 
Cretaceous. In these early ^ninidse the carapace is of elongated oval 
shape, broadest in the anterior third; the “buccal frame” is so much 
elongated that it is nearly half the length of the body ; the thoracic sterna, 
wide between the fir^ pair of legs, become narrowed between the second 
pair and are rednoed to linear dimensionB between the posterior pairs of 
pereiopods ; tlie four pairs of pereiopods are ootnpressed and adapted for 
digging in sand (A. Milne Edwards 27). This is' the description of a 
very typical Raninid of fossorial habit showing no greater affinity to the 
Frosoponidsb or to Protocareinut (Pakeinaehus, Woodw.) tlian do existing 
members of tiie group. The presence of Ranina marettiana and Notopm 
BegricMi in the Eocene show that modern genera of the Haninidee were then 
di^rentiated and well established. Bittner’s (8) excellent figure of (he 
latter species might pass for a representation of the anterior half of the cara- 
pace of a modem N<^opus. Perhaps the geological evidence proves no more 
than the antiquity of the Raninidte, but that antiquity affords su]>port to 
the argument that they had an independent origin from the Astacnra. 

If, then, they are not descended , from aProtocarcinid-Prosoponid stock by 
way of the Eromiacea, a fortiori the Kaniuidse cannot be descended from 
the Dorippidse or Oyclodorippidse, which are themselves derived from (he 
Dromiacea. From what has preceded it is evident that they cannot be ; 
their primitive nervous system and endophragmal skeleton is sufficient 
evidence of that. On the same reasoning, the Dorippidse cannot be descended 
from the Raninidte, for it has been shown that their ancestry is allogetlier 
different. So one of the families, and that the most primitive, of the 
remainder of the Oxystomaia is excluded from relationship with the 
Raninidte. What, then, the two remaining Oxystome families, tlie 
Calappidte and the Leueostidte. They are classified with the Raninidse 
because the majority of oarcinologists have found it difficult to believe riiat 
the Oi^storae “month frame” could have been acquired independently liy 
different lines of descent. But since the Dorippidte are excluded from 
relationship with tiie Baninidts this d^ection'no longer has any force.. But 
there is room for the o^niw tiiot the Oakppidte and Leucosiidte are 
descended from the Bauitri^s^ and :I have already ^noted (p. 26) de Haen’e. 
pomtive ^nion that is ari tmaectiuit form with the Leuobstidse. 

^ere are> of coarse, moay.fto^ie 'd^li^feuqe between the $U(Binldss'\a^ 
^ two .above-named as easy tliongb a je^^ilby 
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to enumerate them, but the labour may be spared because the majority of 
them could plausibly be explained on a theory of descent with modification 
from a Raninid ancestor. This explanation could be given satisfactorily in 
.such matters as the concentration of the nervous system, the disappearance 
of the sternal canal, the broadening of the posterior thoracic stenin, and a 
large number of other characters. But it cannot apply in the case of 
structnnil features which have been profoundly altered or have disa[>peared 
altogether in the Raninidse but are present and exhiint normal relations in 
Oalappidee and Leucosiidse. 

To take first a feature peculiar to the Raninidse, tlio marked reduction in 
vertical depth of the posterior part of the branchiostegito whereby a con* 
siderable area of the epimera of the eleventh, twelfth, and thirteenth 
segments is left uncovered. This is by no means primitive but a definite 
specialisation, and 1 have attributed it to the burrowing habits of the fjimily. 
Thu ('ahippime are certainly and the Matutinse largely sand-hurrowing 
cr.d)s,but in Ijoth the lower edges of the branchiostegito fit very closely to the 
coxit’ of the pei'eiopods. In the Lcucosiidse, which are supposed to resemble 
the Raninidic more closely tluin other Oxystomes, the adaptation of the lower 
edges of the branchiostegite to the coxrc of the ]>ereiopods is particularly 
close and elaborate. It cannot be argued that the original and more 
primitive relations of the branchiostegite to tlie epimera were re-established 
when the necessity for enlarged muscle-cavities for the pereiopods dissip- 
peaired with the assumption of new habits by the Calappidse and Leiicosiidse, 
for the muscle-cavities are very large in these families but their enlargement 
is provided for in a ve'ry different manner. In the Loucosiidse the arrange- 
ment of the elongated abductor muscle-cavities is peculiar and interesting, 
but there is no room to describe it in this place. 

In all the Raniiiidte the posterior margin of the pterygostomial region of 
the cjirnpacc is closely united to a broad offset of the tenth sternum in front 
of the cheliped. (Consequently there is no inhalant branchial orifice in 
front of the cheliped, and the epipodite'of the third maxilliped is aborted, 
though a trace of it remains in the form of a vestigial setobranch. In the 
(!alappinae and Matutinse the pre-chelipedal inhalant aperture is conspicuous 
aud the epipodite of the third maxilliped well developed. It cannot seriously 
be maintained that these structures have been re-acquired in these two sand- 
burrowing sub-families. In the Leucosiidee, hon ever, the posterior margin 
of the pterygostome is as intimately fnsed with the plastron as in the 
Raninidse, and with the disappearance of the pre-chelipedal branchial orifice 
the epipodite of ihe Riird inaxilliped has disappeared even more completely 
than in the Raninidse, for there is not even a vestigial setobranch. A similar 
state of things oocurs in some of the (lyclodorippidse, but need not be 
disouss^ here heoftuse ihe Dorippidse have already been excluded from 
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relationship with the Baninidse. De Hnan laid great stress on this point of 
resemblance between the Loacosiidieand the Raninid{e,but a detail exiimina- 
tion shows that the result is arrived at in a different manner in the two 
families and mast be regarded as a case of homoplasy rather than homogeny. 
In all the Itaninidm the free end of the sternal plastron is formed by the 
more or less prominent lanceolate median projection of the tenth (chelipedal) 
sternum. The ninth sternum is narrow and projects upwards at an angle 
of 130'’ to 1 35*^ above the lanceolate projection of the tenth sternum. The 
coxse of the third rauxillipeds are .-irticulated to the hinder end of the narrow 
ninth sternum, and therefore close to the median line, and they effectively 
exclude any part of the sternum from participation in the formation of the 
broad plastron (see fig. 27, ix). Farther, in the Uaninida;, the connection 
l)etween branchiostegitc and plastron in front of the cheliped is effected by 
latei'al outgrowths of the tenth sternum which meet the branchiostegal 
margin, not by any marked ingrowths of the latter. In the Leiicosiidic 
(i. have studied the urrangeincnt in Ilia nucleus^ Philyjfia imdecimtpinosa, 
and Philyra Iwvis) the ninth sternum is short antero-posttu'lorly, but broad 
and forms the anterior end of the plastron. The coxae of the third innxilli- 
peds are articulated to its outer ends and are therefore far apart. The tenth 
sternum does not give off any prominent outgrowths in front of the cheli{)eds, 
but is united to an inwardly directed process of the edge of the branohio* 
stegite on ouch .side, this process being the most anterior of a series of 
similar downgrowths of the branphiostcgal margin which pass between the 
coxm of the pereipods and effect the very close and elaborate fit of hranchio- 
stegite to coxm already referred to. It may be mentioned here that 
A. Milne Edwards and Bonvier (28) have described a shallow pterygostoinial 
gutter closed in below by the third maxillipeds in Cyelodonppe. This 
gutter occupies the same position as the well-known pterygostomial inhalant 
canal of the Leucosiidm, and the similarity of the structural appointments is 
so great as to saggest the derivation of the Leacosiidse from a Cyolodorippid 
rather than from a lianinid ancestor. 

Finally some importance is to be attached to an apparently minor feature. 
In all the Oxystomatous Crabs the floor of the exhalant hraiicbial canal is 
formed by an expanded spoon-shaped operculum furnished by the first 
maxilliped. In the Raoinidse (see figs. 31, 45, 50, &, 53) both the exopodite 
and endopodite are expanded and modified, and co-operate in forming the 
operculiform floor in question, but it is the exopodite which is the longest, 
most expanded, and the most effective agent in forming the operculiform 
floor of the anterior part of the exhalant canal, t This modified exopodite 
never bears a flagellum. In the Leacosiidn, the Calappinte, and the 
Maiutinte (Garstang is in error in stating that the exopodite is operenlift^m 
in Matata heuthii) it is the mido|>oditeof the first maxilliped that is elongated. 
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expanded, and modified to form the opercnliform floor of the exbalant canal. 
The exopodite is somewhat modified and to n varying extent in different 
genera, but it is always shorter than the endopodite, does not share in the 
Fortmiiion of the operoulum, on the whole retains the characteristic shape oE 
an exopoditiC, and invariably bears a flagellum — I hope I may not be criticised 
for attaching undue importance to a trifling character. It is just such 
instances as this, in which the same purpose is effected, by somewhat different 
means^ that afford (he best criteria as to whether some particular structural 
resemblance is homogenetic or homoplastic. It was the discovery of this 
differenoo in the structure of the first maxillipeds that finally confirmed my 
opinion that the Kaninidoe are not genetically connected with the other 
Oxystoinatous Orabs. My reliance on this item of evidence was somewhat 
shaken by A. Milne Edwards and Bouvier^s statement that the opercular 
floor of the exbalant canals in Cymonomus is formed by the dilated exopodites 
of the first maxilliped, but an examination of their figure (28, pi. xv. fig. ti — 
there is a mistake in the numliering of these figures — ) shows that the 
resemblance to the ]laninid;c is only superficial, and the exopodite of the first 
maxilliped of Cymonoinus has a long six-jointed flagellum furnished wdthlong 
Kebc. My te.st case, therefore, holds good, and the evidence produced is 
sufficient to justify Boas^ doubt a.s to the inclusion of the Itaninidae among 
the other Oxy.stoinata, and A. Milne Edwards and Bouvier’s deci.siou to 
exclude them from their monograph on the 0.xystomata of the ‘Blake’ and 
‘Hassler’ Expeditions. The Kaniiiidsc, therefore, must be removed from 
tlieir present systematic position and assigned to some other place in classi- 
fication. They cannot l>e excluiled from the section Brachyura for rea.sons 
given on p. 27, but in conformity with more recent and generally accepted 
classifications they must rank a.«( a separate tribe, equivalent to the Droiniacea, 
Bruchygnutha, and the rest of the Oxystomata. For this new tribe I propose 
the name Oyinxiopleiira*, which directs uttention to one of the most charac- 
teristic features of the group, namely the exposure of the epimeru of the 
posterior thoracic segments. This new tribe may be defiued as follows. 

Tri\)e OTMKOPLEnBA. 

Anterior thoracic sterna broad, posterior thoracic sterna narrow and keel- 
liko ; posterior thoracic epimera largely exposed by reduction of branchio- 
stegite ; female' openings on coxes ; last pair of pereiopods dorsal in position, 

* Mr. T. K. R. Stehtnng in * Nature,’ Jany. 1922, has pointed out that Latreille (Cours 
d’Entomologie, 1881) instituted the tiihe NviopUrygia for Rtmam. At first eight it seemed 
advisable to adopt Latreille's name for the tribe comprisiug the lianinidte instead of itiy 
own. But the i*ules of nomenclature do not apply to tribal names ; Latreille’a Hystem of 
classification di^rs largely firom that followed in this paper and his reasons for placing 
M»nwa iu a separate tribe differ widely from mine. Confusion rather than perspicuity 
would result from the adoption of Latrmlle’s tribal name. 
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normal or redaoed in siao ; sternal canal present ; thoracic nerye ganglion- 
chain elongate ; antennary sternnin triangnlar, spont-shaped ; branchUe 8 on 
each side FAMitT : Baninidw> 

We may now deal with some featnres of general and special interest 
presented by the tribe dyinnoplcnra. It has been shown to have originated, 
independently of other “crabs,’* from the Astacnra. It is but a small 
assemblage of animals, comprising some eight or nine living genera, 
exhibiting a very small range of variation, and evidently very well adapted 
to their environment, for the tribe emerges in the Cretaceous with its special 
adaptive characters fully establislied, and two of the recent genera dale back 
to the liocene. But although not descended from crabs, but from lobsters, 
the Hauinidse have been so similarly modified, in one direction and another, 
that they must be classed with the crabs with which they have no relation- 
ship save that of a remote common ancestor which was not itself a crab. 
It is by no means an isolated phenomenon. We know of several crab-like 
forms, Porcellaua, Lithodet, Jlippa, and the interesting Porcellanopayurm, 
whose assumption of a crab-like form has been described in a very lively 
manner by Borrodaile (80), which have undoubtedly been derived, quite 
independently in each individual ciise, from Macrurous ancestors. The 
question is, what causes have operated to produce so great similarities in 
animals so remotely related to one another? Without doubt, I think, the 
answer is that the eificient cause has been the assumption of tlie habit of 
burrowing in sand or mud. Bohil (7) has shown that various members of 
the Nephropsidea, wlien living on sandy Imttoms, protect themselves by an 
investment of sand, and to a limited extent take cover in it. But their 
pereiopods are ill-adapted for digging ; they must retreat backwards into the 
sand to leave their antennsc and eyes free to keep watch against enemies, 
and the elongsiied abdomen is a great obstacle to ihe effective and rapid 
concealment of the posterior parts of their bodies. A suitable modification 
of the pereiopods and redaction and infolding of the ob->tructive abdomen 
are prerequisite to retrofossorial efficiency, and any mutations in these 
directions must have had a high selective valfle. It is not surprising that 
favourable modifications should have presented themselves and have been 
selected several times over, nor is. it surprising that, once the burrowing 
habit was adopted, similar adaptive modifications to the new condition of life 
should have established themselves. In the first place the Decapod, buried 
in sand or mod, must adapt its respiratory mechanism to the ^ban g ed 
conditions. The inhalant spaces extending along the posterior and ventral 
edges of the branchiostegite would be choked and rendered useless nnkos 
some provision against the entrance of sand were developed, and the 
r^ssearcbes of darstang and Bohn have shown by what various me»ps ^ 
form of suffocatioii is obviated in different genera of the wnd-bafcetvipg 
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crabs. Most commonly the edges of the branchiostegite are fitted closely to 
the epimera just above the coxse of the poreiopods and to the tergum of the 
first abdominal segment, so that no water can find ingress or egress that way. 
As a consequence the podobranchs or arthrobranchs of the three posterior 
poreiopods disappear ; there is no longer room for them, and as the branchial 
cavity is reduced posteriorly by the great development of the muscle-cavities 
of the digging legs, the posterior pleurobranclis follow suit. The hranchise 
are reduced in number and those that remain are massed in the anterior half 
of the branchial cavity, nearest to the newly developed entrance of the 
respiratory current in front of the chelipeds. In the Raninidsc, however, 
the arrangements differ from those usually observed in crabs. There is, In 
most of them^ a pair of posterior respiratory orifices situated between the 
tergum of the first abdominal segment and the coxm of the last pair of 
pereipods. When the abdomen is extended or only slightly flexed, water 
enn pass freely into or out of these orifices^ but they are pretty effectively 
closed when the abdomen is closely flexed under the thorax. The orifices 
were accurately described and figured in Kanina by Milne Edwards^ but 
many subseejuent authors, particularly Ortmann (42), seem to have failed to 
recognise them, llorrodaile (14) gives an accurate account of their relations. 
These posterior branchial orifices are not, however, peculiar to the llaninidsE? : 
I have found them in precisely the same position in Corystes^ in which genus 
they can easily he seen by bending the abdomen upwards and looking between 
the lower side of the tergum of tho first abdominal segment and the coxa of 
the lust pair of legs, (xarstang (30) failed to observe these apertures in 
CorynteSj and I suspect, but have not yet bad tho opportunity of proving it 
by experiment, that they form tho main entrance for water into the branchial 
chainbor during the operation of the normal current. There is also a pair of 
posterior apertures in Thia polita^ but these are in a somewhat difierent 
position, close under the edge of the branchiostegite in front and to the out- 
side of the articulation of the first abdominal segment with 'the carapace, and 
well in front of the coxse of the last pair of poreiopods. The persistence of a 
posterior branchial opening is a primitive feature, never to be seen, as far as 
my observations go, in crabs in which the abdomen is permanently flexed 
and kept closely applied to the sternal plastron. 

To return to the Baniuidse : the p<»terior part of the branchial chamber, 
into which the posterior orifice opens, is reduced to a narrow passage by the 
reduction in vertical depth of the branchiostegite and the close adherence of 
its edge to the thoracic epimera. The edge of the branchiostegite is held in 
place by two prominences, one on the anterior edge of the eleventh, the 
other on the posterior edge of the thirteenth epitneroii, and a close fit is 
ensured by a wellnnarked ridge running upwards and backwards along the 
eleventh, twelfth, and thirtewth epimera (figs. 7 & 17). Thus the entrance 
of imier into or its eg^ss from the Inunohial chamber at the sides of the 
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thorax in effectively prevented* The only entrances and exits are by way of 
the anterior so-called exhalant branchial canals and by the posterior canals 
described above. Bohn (6) has shown that reversal of the respiratory onrrent^ 
first observed in Corffstes by Garstaiig, is a normal phenomenon among 
Decapod Ornstueca, and is manifested even when they ai*e bnried in the sand. 
There must, therefore, be some apparatus in forms which, like the Haninidm, 
Inive {)osterior branchial orifices for filtering the sand from the water entering 
by these orifices during the “ normal ” phase of the respiratory current ; 
that is when it is setting from behind for\kards. In most of the Raninidss, 
notably in Ranina^ Notopus^ Notopoides^ NoUmeles^ and Xanclifer, this 
apparatus is furnished^ partly by the chelipeds, but principally by the manner 
in which the flattened pereiopods, the edges of which are fringed with long 
and closely set hairs, are bent upwards and forwards in such a manner as to 
form a water-chamber on either side of the posterior thoracic segments. 
The part played by the pOreiopods would never be guessed iroin the con- 
ventional representations of these animals in systematic works, where they 
are depicted, usually from the dorsal surface, with the legs extended sym- 
metrically on either side of the body in order to dis(>iuy as much as possible 
of their structure and the chelipeds extended forwards in front of the 
body. The adaptive characters of the thoracic limbs can be studied with 
equal advantage in SotopuB^Notopoides, ZanvUth\ Solosceles^ and Jiuninu^ but 
1 will take the last-named genus as an example for descriptive purposes. 

In Ranina there is a cons{)icuous triangular patch of short dense hairs 
extending forward from the articulation of the choliped over the postero- 
lateral area of the pterygostoinial region on either side of the thorax. The 
conjoined basis and iscbiuni of the cbeliped is very short and immoveably 
fused to the merus, the two forming a relatively long curved segment of the 
limb, dilutee' on its external aspect but smooth and flattened internally sC as 
to fit closely against the hairy patch on the pterygostome. It is evident, 
from its smooth and polished inner surface, that the ischioinerus is normally 
held close to the body and slides forwards and inwards or outwards and 
backwards over the above-mentioned hairy patch. Whatever its position, so 
long as it is pressed against the hairy patch, there is no room for the passage 
of water, much less of sand or mud, between it and the pterygostome* 
When the ischioinerus is rota.ted as far forward as possible, the somewhat 
inflated carpus lies beneath the outermost of the large frontal spines of 
the carapace, and the flattened propodus and dactylus are foldad back 
under the anterior part at the pterygostouiial region, but do not fit closely 
and accurately to the latter as in the case of Calappa and Matuia^ Their 
function is quite different. It is evident that instead of forming the floor of 
what Garstang has called an exbstegal canal the propodus is so ariiciflatod 
to the carpus that without either the latter or the ischiomerus l>emg shifted 
from their positions, it can be rotated outwards in such a manlier as tp rake 
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sand or other material from beneath the anterior part of tlio carapace, the 
raking action being facilitated by the five large spines on the lower margin 
of the propoJus. Thus a more or less clear w'ater-way is kepi on the under 
side of the anterior side of the thorax. 

When the ischiomerus is drawn as far back as possible, the carpus can be 
fiexed inwards to form an acute angle with it, and the tlatiene<l propo<lus may 
tlnm be folded back so far that its posterior margin fits into a groove in the 
morns and both it and the daciylus are pressed against the basal joints of 
the third maxillipeds. In this position also the propodns can be rotated 
outwards with a raking action so as to clear away »aiul from beneath the 
body, without any corresponding movement of the ischiomerus and carpus. 
A close examination of the chelipeds leaves no doubt that, their main function 
is to keep open u passage for water down to their basal joints. From this 
point backwards water must puss in two streams to the posterior branchial 
orifices along {>assnge$ roofed in, [lartly by the overhanging edges of the 
braiichio.'!»tegite, partly by the forwardly directed last pair of pereiopods. 
The inner walls of these passages are formed hy theepimera of the oleventli, 
i.welfth, and thirteenth segments, which are soincwdnit excavated and over* 
hung by the edge of the branch i os tegites. Their outer walls are formed by 
the first three pairs of pereiopods, which arc tucked up under the roof formed 
hy the lust pereiopods, th<‘ nierus in each case being directed forwards, the 
carpus, propodus, and broad lanceolate daciylus dovvu\\ardB and backwards. 
The si^ginenis of the pereiopods being broad and flattened and their margins 
furnished with fringes of stiff closely set hairs, they form a soit ot basket- 
work or sieve the meshes of w hich are filled in by the fringes of hairs, and the 
whole apparatus is adapted to admit to the interior water from which sand 
and other solid particles have been strained. The strainer is made more 
effective by the dense hairy fringes on tlio edges of the bruncliiostegite, and 
the whole apparatus is completed and roofed in posteriorly by the flattened 
segments of the abdomen, which are likewise pro>ided with dense fringes of 
stiff hairs. 

Whatever may l>e the position of the chelipeds, there is a ventral gap on 
either side between their basal joints and the first j»air of the pereiopods. 
This gap is partly filled by the epaulettes projecting from the sterna of 
the eleventh segment ; the rest of the gap is bridged over by the stiff hairs 
projecting from all round the margins of the epaulettes and forming a very 
effective strainer. It is through these two gups furnished with this efficient 
straining apparatus thsit the greater part of the respiratory current of water 
must find its way from the cavity raked out in the sund by the chelipeds 
underneath the anterior part of the thorax. 

The structure and arrangement of the pereiopods and their relations 
to the thoracic epimera and abdomen being us alH>ve described, it may be 
inferred that Banina buries itself in the sand by the digging action of the 
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first three pairs of pereiopods, the foartli pair being used to shovel the dis- 
placed sand outwards. When dug in, the animal may be inferred to assnine 
an oblique position, the frontal spines of the carapace just breaking tlie 
surface' of the sand ; the chelipeds are folded up under the pterygostomial 
region of the carapace and the long three-jointed eye-stalks maybe extended 
well above the sand on the lo<^-out or, on the approach of danger, may 
be folded back and concealed in the orbital cavities. In this position the 
.normal respiratory current will bo provided for by the raking action of 
the chelipeds and the lateral water- passages enclosed between the 
pereiopods and the thoracic epimera, as described above. These afford a 
mechanism whereby filtered water is supplied to the posterior branched 
openings, and the normal exhalant current will {uiss out by the narrow 
anterior passage bounded below by the merns of the third nmxilliped and 
laterally by the flattened basal joints of the second antennse. 

As the Uaninida? are trdpical and sub-tropical crabs living at considerable 
depths it has not been possible for me to observe the habits of the living 
animals, much less to make experiments on their respiratory meclmnisms. 
But in the absence of direct evidence I consider myself justified in giving 
the foregoing account of the course of the normal respiratory current, the 
more so because an examination of numerous speciniens of Xotopoides lotus 
and of several examples of ZanaUfer earibensis in' the British Museum of 
Natural History gives the clearest evidence that these species are sand 
burrowers, and that an inhalant current passes into their branchial chambers 
through the posterior branchial orifices, which are exceptionally large and 
conspicuous in these cases. In ne.irly all the individmils of these two .«pecies 
the conspicuous hairy fringes of the pereiopods, of the abdominal pleura, of 
the edges of the hraiichiostegite, and of the epaulettes of the eleventh sterna, 
are more or less heavily clogged with sand, a fact which bears witness to 
their function as a filtering apparatus. On the other hand, the water- 
passages lying between the posterior thoraoic epimera and the pereiopods, 
and therefore guarded by these hairy fringes, are remarkably clean and free 
from sand. The filtration, however, has not been perfect, for the wails of 
the posterior branchial passages are enornsted with fine particles of sand, 
the distribution of which leaves no doubt that the current which deposited 
them set in from behind forwards. The evidence in these two species is 
remarkably clear, and the inferences drawn from it may be extended to 
dorsijpes and to NotoseAes Mhimmoms, though, in the last-named 
species, in which the last pair of pereiopods are greatly reduced in sise, there 
is evidence that the posterior inhalant respiratoty ctirreut is becoming of less 
importance and that the incurrent supply of water to tlie branchud chamber 
is chiefly provided for by special modifications of the antennary region. 

In the absence of opportunitiM for observation of and experiment on living 
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animals, the exact course of the anterior inhalant respiratory current in the 
Rauinidn must remain largely a matter of conjecture. Nevertheless I have 
not hesitated to put forward the following interpretation based upon a 
detailed study of anatomical facts in the hope that, whilst my conclnsions must 
necessarily be subject to revision and correction, naturalists who have oppor- 
tunities of studying the live animals may be so far interested as to devote 
some time and trouble to the elucidation of the workings of their respiratory 
mechanisms. The anatomiciil characters are most easily studied in Notojms 
dorstpet, and it is probable that what is true of this species is also true of 
RaniHa murieata, M. Edw , but as I have only been able to examine a single 
dried example of the latter in the British Museum of Natural History, 
I cannot say anything certain about it. 1 have stated elsewhere (p. 26) 
that, in my opinion, llanilia, M. Edw.siVoto^s, de Haan. In Solopus the 
antenuse are more primitive, that is to say, they depart less from the 
Macruran pattern, than in any other Raninidte. The peduncle (hgs. 29 & 29a) 
is made up of live distinct segments of which the proximal is admcdian in 
position, small, largely concealed by the sub-antonnary lobe of the pterygo- 
stome and bears at its inner angle the' apertnre of the excretory gland. The 
second segment is also small and largely concealed by the sub-antennary 
lobe : it lies on the same level as the first and is external to it. The third 
segment is large, sub-qnadrangnlar in outline, its oxtero-ventral surface 
slightly convex and tultercnlated, its intcro-dorsal surface smooth and slightly 
concave. Its admedian margin is [trominent and curved, forming a pro- 
jection which meets its fellow in the middle line. It bears a conspicuous 
tuft of long forwardly directed setae. Its extero-anterior angle is produced 
into a process which embraces the proximal part of the fourth qreduncular 
segment; this process is largely developed in other Itaninidm but remains 
small in Noiopus. The fourth and fifth segments are fairly long, their 
external and ventral surfaces granular and convex, their admedian surfaces 
smooth and flat or slightly concave. Tlie dorsal and ventral edges of these 
smooth admedian surfaces are fringed with long closely set plnmose setae 
which, when the two antennae are approximated, interlock with the corre- 
sponding setae of the antenna of the other side. The antennary flagellum 
oomprises twenty-six joints, is relatively longer Jhan in any other Raninidae 
(except Ranilia, M.-Edw. and Cotmonolus) and bears a dorsal and a ventral 
row of strong setae which are directed obliquely inwards so os to interlock 
with those of the opposite side when the antennary flagella are approximated. 
Thus there is fonned an antennary water-tube (figs. 1 & 56), shorter indeed 
bat oiiieredse nmilar to and folly efficient as that of Corystet. Water sucked 
down the antennary tnbe passes into a shallow chamber lying behind the bases 
of anten* a P ) the floor of which is formed by the meri of the third maxilli- 
pedsj its tod the spoon-shaped expanded anterior ends of tiie exopods of 
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the firat maialiipeds. These last are concave ilorsallj and convea ventrallj, 
and fit so closely and aocnrately to the converi^ng exhalant channels of the 
antennary sternum as to constitute an efficient horieontal partition between 
an exhalant passage above and an inhalant passage below. The inonrrent 
stream of water, taking the more ventral oonrse, must pass right and left 
along the condnits provided by the grooves on the ventral sides of (he exopods 
of the second maxillipeds ; thence under the edge of the infiated pterygostome 
into the channel which lies parallel to that in which the scaphngnathite 
works, but separated from the latter by the vertical partition formed b}' the 
mastigobranch of tlie first maxilliped. The fioor of these inhalant passages 
is formed by the flat and closely opposed mcri and iscliia of the third 
maxillipeds the outer edges of which fit close to the mouth frame. There is 
no “ exostegal ” groove in the pterygostome forming a definite inhalant canal 
as in the Leuoosiidte, but the relation of the inourrent to the excnrrent stream 
of water must otherwise be much the same in the two groups. 'Jliat is to 
say, in both cases there must bo two opposite currents, the one setting 
inwards to, the other setting outwards from the antennary region of the front. 

In l)oth the llaninidai and the Leucosiidse the excurreni stream is set in 
motion by the “ normal ” action of the scaphognathite, and passes forwar*! 
between the converging channels of the antennary sternum and the exopods 
of the first maxillipeds to emerge between the basal joints of the anteuntiles. 
The coarse of the incurrout st ream in the Kaninidm is as described above for 
Notopui, but it can hardly have escaped the render's attention that the 
channels in which the opposite cuQ'ents flow are not very distinctly separated 
from one another. In the Leucosiidse the existence of tlie exostegal canals 
makes the separation much more complete, and the respirutoiy mechanism is 
ill this respect more highly specialised than it is in the Raninidic. In 
this connection it should not be forgotten that the latter have additional 
apertures of ingress to tlie branchial chambers, viz., the posterior branchial 
apertures' of which there is no counterpart iu tlie Leucosiidse. 

It may be surmised that iVoto/nu makes use of the posterior branchial 
apertures only when it is lightly covered bjr the loose upper stratum of sand, 
and can make use of the raking action of the chelipeds to clear a passage 
for water below the thorax. As it digs down into the more compact deeper 
layers of sand, this source of water^npiply must become more and more 
restricted, and the antennary tube is Ihen brought into action. It is of 
course possible and even probable that, when the antennury tube is used, 
the action of the scaphognathite is reveirsed and the posterior bianohial 
apertures become exhalant, the frontal ekhahi)t passages being closed and 
t^own ont of action so long as the respimtory ourrdnt is reversed, culy to he 
brought into use again when the normal niispiratoiy current^ f^m h$hu>d' 
forwards, is restored, fiat the eddefic^ Is sti^gly in favour of tey eoatm>#0o 
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that in the Uaninidee an anterior incurront stream o£ water is produced by 
the ** normal ” action o£ the scaphognathite. 

In no other member of the group (with the possible exception of Cosmo- 
noiut, which I have not had the opportunity of studying sufficiently closely) 
do the Aagella of the antenme form a water-tube as in Notopus and Hanilia. 
Indeed, the antenme are modifind in other directions but, none the less, are 
subservient to the establishment of an inhalant water current, the course of 
which can l)est be described by taking Banina as an example. 

In this genus both the antennae and the autonnules are modified in con. 
iiection with the respiratory currents. The antenna (figs. 35 & 35 a) is short 
and thick, the flagellum reduced to a rudiment comprising at the most seven 
joints ; often it is missing. The two basal joints of the peduncle are fused 
together, but the suture between them remains distinct. The first joint is 
triangular in onfline, with the apex directed forward ; its admedian basiil 
angle projects inwards and slightly forwards and the excretory aperture is 
placed somewhat to its dorsal side, in such a position that the c xcretory 
proiincis are discharged into the excurrent rather then into the incurrent 
stream. The two basal joints, which have a very limited movement in the 
antennary socket, lie directly in front of the sal)-antennary lobe of the 
pterygostoinc, but the third peduncular segment is flexed inwards to form a 
somewhat acute angle with them. The shape of the third segment can best 
be understood by reference to figs. 35 and 35 a, \\ hich represent external and 
admedian views of the right antenna. The most noticeable feature is the 
great development of the external lolie. Small and inconspicuous in Botoput, 
this lube in Banina forms a large sinuous ridge which projects forward as far 
as the anterior limit of the fourth segment ; its outer margin is fringed with 
long plumose sette. When the third peduncular segment is flexed towards 
the middle line, the lobe in question is brought into a position athwart the 
incomplete lower boundary of the orbital cavil}', and forms its ventral and 
internal wall, the long fringe of hairs on what is now its anterior margin 
extending upwards across the orbital cavity and interlocking with a similar 
fringe spreading downwards from the supra-orbital ridge of the front of the 
carapace. For brevity’s sake this lobe will be referred to as the crest of the 
third pednncnlar segment. The fourth segment is sub-triangular in section : 
its external and ventral surfaces are convex and granular, but its internal 
snrface is smooth, slightly concave, and flabeiliform in outline. Its margins 
are surrounded with long plumose seise the disposition of which is shown in 
fig. 35 a. The fifth peduncular segment is small and the fiagellnm rudi- 
mentary or abeent. - When the antennte are flexed inwards, the concave 
fiahelliform surfaces of the fourth segments are brought nearly into contact 
in tile middk line; thmr marginal setae interlock, and thus a narrow but deep 
space is enclosed which is. continued posteriorly into the wider space bounded 
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Iftterallj by the smooth and somewhat concave inner surfaces the tliird 
peduncular segment; ventrally by the meri of the third maxlllipeds; dorsally 
by the densely setose expods of the first maxillipeds. This may be called the 
inhalant chamber. 

The antennnles are inserted to the inside of and somewhat above the 
antmiuse. As shown in figs. 34 and 34 a, their basal joints, are expanded 
distally into a fiabelliform lobe very similar to that of the fourth peduncular 
sei^ent of the antennsa and, like the latter, their margins are garnished 
with a fringe of long setn. The slightly concave inner surfaces of these 
fiabelliform expansions of the antennnles, when opposed in the middle line, 
form a second vertical cleft or passage within the larger passage formed by 
the antennm, and this internal and somewhat dorsal antennulary passage is 
BO disposed that its hinder opening coincides with the spout formed by tlio 
convergence of the exlialant canals of the antennary sternum. The cleft 
between the basal joints of the antennnles therefore serves as a conduit for 
the excnrrent stream of water. Thus far the apparatus for directing the 
courses of the excnrrent and incnrrent respirator}' streams differs from that 
of Neii^pnt chiefiy in the fact that in Ranina the long tube formed by the 
antennary fiagella is absent, but in the latter genus a large part of the 
incnrrent stream must find its way into the above-mentioned inhalant 
duunber throngh the orbital cavities. I have already shown how these 
narrow and elongated cavities are covered in by fringes of setae which meet 
over the retracted eyes and eye-stalks but are pushed aside when the latter 
are extended. Though the orbit 'appears to be closed below by the crest of 
the third segment of the antennary peduncle, a sufficiently wide space is left 
between this segment and the basal joint of the antennule to allow of the 
free passage of water from the orbit into the inhalant chamber, and much of 
the inhalant current must pass through the orbits. It is evident that when 
the animal is deeply dug in, the broad front of tbe carapace just breaks the 
surface of the sand ; the tips of the largest frontal spines perhaps project 
very slightly above it. Tbe Imiry fringes of the orUts and of the fourth 
joints of the antennsa are then just awash between sand and water, and are 
admirably adapted for filtering solid jiarticles from the streams setting 
inwards through the orbits and between tbe fiabelliform fourth segments of 
the antennsa. Water is also admitted into the orbits on eitlier side throngh 
a considerable cleft lying between the long and narrow sub-orbital lobe 
tbe pterygostome and the innermost of the large frontal ^ines. These rl^ti 
are guarded by dense, hairy fringes. The arrangmnents by which the 
incarrent stream is directed from the inlielunt obpmber into the brandiiial 
chamber by the channel formed by the exepod cl the second ^ 

the same in jRanma as in JTotcyaus. ' 

I would not have presumed to pro an Booonnt unsuf^miied dSfUi# 
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observation and experiment of siicli complicated functions as those dealt with 
in the foregoing paragraphs if there were not very clear evidence that siicli 
an anterior inhalant current as T have described does in fact exist. One 
such piece of evidence is afforded by the matted feltwork of hairs covering 
the ventral surfaces of the expanded anterior extremities of the exopods of 
the first maxillipeds. These hairs lie flat and point backwards : they are as 
evid^tly laid back by a current of water passing over them as the sea-grass 
on the mud-banks of an estuary is laid back by the tide that has swept over 
it. Again, in most examples of Banina a considerable amount of sand is 
entangled in the setae with which both the exopods and endopods of the 
second maxillipeds are abundantly furnished. This gives evidence that these 
appendages are bathed by a current of vrater not wholly freed from sand- 
particles by the filtering apparatus of the orbits and antennae. But perhaps 
the clearest evidence of all was furnished by the large lianina sent me by 
Prof. Kishinoye. In this specimen the inner surfaces of the third pedun- 
cular segments of the antennse, the ventral surfaces of the exopods of the 
first and second maxillipeds, the inner surfaces of the mastigobranchs of the 
first maxillipeds, the proximal part of the mastigobranchs of the second 
maxillipeds, and the bases of the podobranchs of the second and third maxilli- 
peds were infested by numerous small pedunculate cirrhipedes belonging 
to some as yet undetermined genus and species of the family Lepadid^e. 
In other words, these intruders had established themselves along what I 
have described as the course of the incurrent respiratory stream, but none 
were to be found in the upper part of the gill-chamber, nor on the scapho- 
gnatbite, nor on any part of the walls of the exhalant canals. It is evident 
that their larva? had been swept by the incurrent stream into the inhalant 
chamber, and had subsequently fixed themselves in positions whore the adults 
could obtain a constant supply of nourishment borne by the incoming current. 
But, where the currents were setting outwards, conditions were unfavour- 
able and none had established themselves. 

From what precedes, it follows thatitfanina, no less than Xotoims, is highly 
adaptable in respect of its respiratory arrangements, and can make use 
of different mechanisms as the circumstances of the moment may require. 
When half buried in loose sand or when wandering on the surface these 
animals probably respire through the apertures at the posterior end of the 
thorax. When deeply buried in compact sand they are forced to rely on the 
antennarj apparatus. In point of eflSciency and specialisation their 
respiratory mechanisms fall far short of those exhibited by other Oxysto- 
matous’^ crabs, the Leuoosiidse, the Oalappinse, and the Matutiiue, but 
adaptability to varying conditions implies a high survival value, and it is to 
be remarked that Notopun and Ranina are among the oldest of the fossil 
Baninidm. 

ijNir. jonBK.*-«*zoaxiOQT« vOl. xxxv. 
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Among other genera, Zanelifer and Notojyoides^ though their antennary 
flagella are not so much reduced, are in all essential respects so similar to 
Ranina that it can hardly be doubted that they have similar habits and are 
equally adaptable as regards their respiratory processes. Zanelifer differs 
from all other Baninidse in having normal, ue, not feathered and differenti- 
ated, chelipeds, and it may be that it is more nearly related to the ancestral 
form than Notopus. It has all the external characteristics of a burrowing 
crab. NotopMes^ on the other hand, is much more closely related to 
I^otopue, from which it differs mainly in the elongation of the twelfth 
sternum, whereby the second, third, ai d fourth poreiopods are shifted back- 
wards and form a posterior group of legs, separated by a space from the first 
pereiopods : this feature is exhibited to a more marked degree in JSotoscelei 
(fig. 3) and is carried to an extreme in RanintAdes (fig. 6). Tn each genus 
the increase in length of the twelfth sternuin is correlated with a reduction 
in size of the last pair of pereiopods, a progressive narrowing of the abdomen, 
a reduction in the size and functional importance of the posterior branchial 
orifices, and progressive modiBcations of the second and third pereiopods 
indicative of their increasing use as swimming organs. A comparison of the 
series Ranina^ Rotopus^ Notopoides, Rotoseelesj ItamnoideSy leads me to the 
conclusion that, whilst all of them are to a greater or less extent sand- 
burrowers, the first-named during its periods of activity progn^sses mainly 
by crawling and is a poor swimmer. Notopus and Notopoides crawl and 
swim ; Notoseelee is a fairly efficient and Raninoides a very efficient 
swimmer. This conclusion I wiH now endeavour to justify. 

Notopoides is obviously a burrowing crab ; the sandy condition of the 
specimens in the Natural History Museum bears testimony to this habit. 
In most of the structural features subservient to the respiratory processes 
Notopoides bears a strong resemblance to Notopas, Attention may be 
directed specially to the following points : the last pair of pereiopods are not 
much reduced in size and all their joints are densely fringed with hairs ; the 
tergum of the first abdominal somite is as broad as the posterior margin of 
the carapace ; the posterior branchial orifices are patent and give evidence 
of their function as inhalant passages ; the exposed portions of the epirnera 
of the eleventh, twelfth, and thirteenth somites are concave and overhung by 
the edge of the branchiostegite ; the chelipeds are adapted for raking sand 
from under the thorax. Tn short, all the adaptations described in Notopus 
and Ranina for maintaining a respiratory current through the posterior 
respiratory orifices are present to an equal degree in Notopoides. This 
genus must be equally addicted to the burrowing habit, but the articulations 
and characters of its last three pairs of pereiopods suggest that, when active, 
it is to some considerable extent a swimmer. 

In Notosceles the adaptations for maintaining a posterior inhalant 
respiratory current are still recognizable, but are obviously less eflScieut. 
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The last pair of perciopods, though iniieh redncctl in mz<!, is sufticicntly 
liberally provided with hairy fringes to form an effective covering for tlu* 
roof of the water-chambers enclosed between the otlier peroiopods and tlie 
thoracic flanks. The opimera forming these flanks, however, are not so 
deeply concave as in Notopoides^ and the posterior branchial orifices, though 
distinct enough^ are smaller and obviously of less functional importance. 
The dactylus of the last pair of peroiopods is small, elliptical, and clearly 
better adapted for natation than for digging. 

Before entering into a discussion of the transition from digging to 
swimming limbs it should be premised that in the peroiopods of all the 
Uaniiiidfe the articulation of the dactylus to the propodus is singularly like 
that of the tarsi of the whirligig-beetle Gyrinus^ familiar to all naturalists 
from the illuminating description of Miall. Generally, in the lianinidie, the 
carpus is moderately long, triangular in shape, with an extensive basal 
articulation for the propodus. The propodus is a short and ))roa<l oblong, 
more or less flattened, w’ith a very small articulation for the dactylus close 
behind its postero-external angle. The dactylus is very variable in shape. 
Generally in the first two pereiopods it is lanceolate and obviously efficient 
in digging, but in the last two pereiopods something between crescentic and 
cleaver*shaped like an oriental ^^kukri.’^ In either case it is so articulated 
hy n narrow pedicle to one end of the oblong propodus that it can be slid 
behind the latter ns the sticks of a lady's fan slide over one another. A 
very similar form of limb with yet more elaborate adaptive details is seen in 
Matuta which, like the Raninidse, is at once a swimming and a burrowing 
crab. It is i)resumed that the lanceolate form of dactylus is more usel'ul as 
a pick, the kukri-shaped dactylus as a shovel, but the latter may be service- 
able in swimming, just as a shovel may on emergency be used as a paddle. 
1\\ Zanclifer the dactyli of all the pereiopods are narrow and sickle-shaped ; 
they* seem ill adapted for swimming but effective instruments for digging. 
The criterion for deciding whether a limb is* utilised for swdmming or for 
digging consists in the length and mobility of its joints. The short strong 
limbs of Kanina showing restricted mobility at the joints are clearly fossoriul 
and ill adapted for natation : the somewhat longer and more mobile limbs of 
Natapus and Notopoides afe, however, serviceable for both purj>osep. In 
Notosceles (figs. 2 & 3) the dactylus of tlie second pereiopods is sickle-shaped 
as in Zanclifer^ and it may be inferred that this pair of limbs is specialised 
for digging, but it can hardly be doubted that the broad kukri-shaped 
dactylus of the third pair, binged fanwise to the outer angle of the trans- 
versely elongated propodus and provided with a marginal fringe of long setae, 
is specially adapted for swimming. The reduced fourth pereiopods of this 
genus, with their small flat elliptical dactyli, con hardly be of any value in 
digging and are rather suggestive of steering paddles. 


5 * 
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Though NatoteeUi is in several respects intermediate between Notopoidet 
and Haninoidet, the last-named genus (figs. 5 & 6) has many distinctive 
features, most of which may be explained ns adaptations to a swimming 
habit. The carapace is elongated, and its flanks taper so evenly posteriorly 
that it may fairly be described as boat-shaped. The first abdominal terguin 
is notably narrower than the posterior margin of the carapace, and the whole 
abdomen is narrow and more distinctly flexed under the thorax than is usual 
in Baninidse. On the ventral surface there is a broad and long flat plastron 
in the formation of which the eleventh and twelfth sterna take an even larger 
share than the tenth (fig. 6). The twelfth sternum is of considerable length 
antero-posteriorly and is also broad and nearly flat. The articular cavities 
of the second pair of pereiopods arc placed at its hinder border and face 
backwards. The thirteenth sternum being very short, the articular cavities 
of the third pereiopods are close to those of the second, an<l the two pairs of 
limbs, whilst closely contiguous to one another, are separated by the whole 
length of the twelfth sternuin from the first pereiopods. The last pair of 
pereiopods are so reduced and slender that they are usually described as fili- 
form ; they terminate in minute pointed dactyli. The reduction of the last 
pair of legs and the narrowing of the base of the abdomen seems to be cor- 
related with the suppression of the posterior branchial orifices ; at any rate, 
1 can find no trace of these orifices in lianinoidet. l!lor could they l)e of 
much service if present, for the external water conduits which in other 
forms admit of a flow of filtered water to these orifices are here wanting. 
Though the eleventh, twelfth, and thirteenth thoracic epimera are as much 
exposed to the surface in Jlaninoides as in other Kaninidsc, they are not con- 
cave and are scarcely overhung by the edge of the branchiostegite. The 
epimeron of the eleventh somite is relatively small, and so far from being 
concave that it is slightly convex. The epimera of the twelfth and thirteenth 
somites are obliquely grooved, and into these grooves the meri of the second 
and third pereiopods, when bent forwards and pressed against the sides 
of the body, fit so closely that no, water can pass between. The first 
pair of pereiopods are slender, and when at rest are directed forwards, 
their large cordate dactyli being pressed against the bases of the cheli- 
peds. Their function is obscure, but probably" they are used for digging. 
The characters of the second and third pereio}>od8 are clearly shown in 
fig. 6. In these limbs the coxa and basis are directed backwards : Uie short 
ischium is nearly transverse to the long axis of the body : the merus is long 
and slender : the carpus normal, but it is to be observed that both it and the 
merus are scantily furnished with short hairs. The propodus and dactylus 
are flat- and greatly expanded and the “fan-hinge” between them 
is a noticeable feature. A fringe of long stiff hairs is borne on the 
hind edge of the propodus and on the inner margin of the dactylus. The 
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efficiency as organs of natation of these hroad iiladcs homo at the end of 
slender and very mobile limbs is apparent. Evidently Haninoides is a 
strong swimmer and a ])oor digger, and as such stands at the end of 
the series opposite from lianina. As the posterior branchial orifices an* 
absent, one might expect to find special arrangements for an incurrent 
respirator\ stream in the frontal region, but, though I ha\e looked carefully 
for such, r have been (juite unsuecessfiil. However, I will deal with 
this (juestion further on. 

A//n /<///,*? (fig. 4) exhibits so many lesomblances io Uaninoult*$ that one 
can luinlly (h)ul)t that the two arc closely relatetl, jet, as I shall shosv, they 
are clearly adapted to different conditions of lit(». In A//mV///.s the abdomen 
is narrow ; its liiM three segments lie nearh' in a straight line with the 
carapace, but the fourth is of jieculiar shajie, beats a strong median doi>al 
spine, and cunMitutcs as it w'ere the kiiiiekle of a sharp \entral flexure. The 
sixth ahlominal segment is long and narrow ; its posterior angles are pro- 
duced into small aliforni pro<*(‘sses which at first sight might he mi*«taken 
for \estigial uropods, but they are only pro(*esses of the tergum Inning on 
theii central surfaces small eouca\ities whudi, wdien the abdomen is flexed to 
it-^ fullest (‘xteiit, engage with small knobs on the two jtterygoid pro(‘essos 
extending baekw.irds from the twelith sternum. No such apparatus for 
locking the flexed abdomen to the sternum is seen in any other Kauinid. 
The last pair of per<*io[)ods are so slender that, like those of liamnoldeK they 
maj' be (lexribed as filiform: fbcj terminate in biiiall flattened elliptical 
ilactjli. (\»irelated witli the reduction of the abdomen and of the last pair 
of pereiopods is the aliseiici* ol posterior hranehial orifices. I ha\e studied 
this jioiut eaiefullj and am <*ertuin that these oiifices are non-existent in 
L, frldtnitiitusj nor could I fimi any trace of them in the large specimen of 
h, chiunieii in the Natural Ilistorj Miis(*uin. As there are no posterior 
respirator} orifices the water eonduits of the flanks are, as might he oxpecteil, 
absent. The opiinern of the posterior thoracic somites are iiearl} flat ami 
the edge of tlu' hranchiostogite is hut slightl} prominent and bare of s(*ta». 
In the frontal and oral regions there are uIm) many points of resemblance. 
Though the ‘‘front” is trniieated and Hoarcoly narrower than the broadest 
part of the carapace in the distaiic^e between the extia-orhital 

8|)inehand the lateral spines shows that this region has undergone elongation. 
Further examination shows that it is the antennary somite that has been 
lengthened, for the antennary sternum, which ha*^ more or less the shape of an 
equilateral triangle in jXotopufi and yofosvtdeSj is an isoscel(*s triangle in 
Jianiimde^, In Lprekhn the elongation of the antennary somite is earrieil 
to an extreme, and the front being narrowed, the fore part of the canipaee is 
produced into the snout characl<»ristic of the genus, the lateral spines being 
situated far behind the orbits. As I shall show further ou, the details of the 
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antennules and antonnae are extraordinarily similar in Raimmdes and 
Lyreidus t36-39) ; so also are details in tlie first and second and even in 
.the third maxillipeds. In all these things the relationship seems very close, 
but in other respects the two forms are divergent. In Lyreidus the eleventh 
sternum is large but narrowed between the arliculations of the first peroio- 
pods and produced backwards into two small pterygoid processes which 
form the sides of a hollow in which the last segment of the abdomen can be 
lodged, as described above. Owing to the presence of these pterygoid 
processes the tw^elfth sternum appears to be deeply fitted, but it is really 
short, narrow, and flat, in this differing much from lianinoides. The thirteenth 
sternum being also short the eoxse of the first three pairs of pereiopods are 
close together, and in this respect Lyreidus resembles J^otopus rather than 
RotopoideSi Sotosceles^ or Raninoides. In the first and second pereiopods of 
Lyreidus the iscliiomerus is long, slender, and scantily fringed with hairs ; 
the carpus rather short ; the propodus nearly twice as long as it js broad ; 
the dnetylus elongate and almost styliforin, with a strong external ridge. In 
the third pereiopods the propodus is about as broad as it is long and the 
dactylus cnltriform. These are clearly digging and walking legs, and one 
may conclude that the descendants of a form in which reduction of the 
abdomen and last pair of legs led to the suppression of the posterior branchial 
orifices, diverged as they adopted a more exclusively swimming habit into 
Raninoides^ as they became more exclusively borrowers into Lyreidus. 
Lyreidus must bury itself deeply, with the tip of its narrow elongated snout 
just breaking the surface of the sand. Having no posterior branchial orifices 
it must be dependent on an inhalant current setting in somewhere in the 
region of the snout. One would expect some specialised inhalant apparatus, 
but there is very little evidence of such. Indeed, it is a singular thing that 
Banina, Notopus, and Notosceles, all of which have well-developed posterior 
branchial orifices, have in addition much more specialised orbital and anten- 
nary arrangements for directing the flow of an incurrent respiratory stream 
than have RaninoiJes and Lyreidus, in which posterior respiratory orifices are 
absent. In Xotosceles the antennnry structure is not very different from 
that otRanina. The flagellum is longer (figs. 41 & 41a), but the thick 
shortened segments of the peduncle, the flabellate shape of the fourth joint 
with its fringe of plumose hairs, the greatly developed crest of the third 
joint also fringed with hairs, are very similar. So also is the flabellate shape 
of the basal joint of the autennules. Fig. 57 is a frontal view of the face ” 
of Xotosceles showing the antenme as nearly as I can draw them in their 
natural position. In the centre, below the rostrtim,'is the narrow exhalant 
passage bounded by the basal joints of the antennoles. The orbits are closed 
below by the crests of third segments of the antennary peduncles, and the 
spaces below are filled in by the proximal segments of the anteimce which in 
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their turn are overlapped by the broad anterior margins of the ineri of the 
third inaxillipeds. The left antenna is closed nearly ns far as it will go 
against the aiitenunle, and this is the more normal position : that of the right 
side (the spectator's left) has been pulled outwards to show the passage 
between the third and fourth joints of the antennary peduncle and the basal 
joint of the antennules. Through this passage water can puss from the 
orbits to the inhalant chamber covered in below by the ineri of the third 
inaxillipeds. The arrangements are very much the same as in Ranuta though 
‘soniewiiat less highly specialised. In Raninoides (figs. 36 & 37) and Ljfveidus 
(figs. 38 k 39) the basal joints of both antennules and antennae are longer 
and more slender, and to that extent more primitive than in Noiosceles and 
Ranina, In the antennules the adinedian surfaces of the basal joints of the 
antennules are expanded and somewhat concave, so that when opposed they 
form a conduit for the exhalant current. The third segment of the anten- 
narv peduncle is long ; a good deal longer in Lyreidns than in Ratduoides. 
The crest is prominent hut narrow, and extends nearly as far forward as the 
end of the fourth segment. The proportions differ slightly in ihe two species, 
but the general character is the same. The nature and distribution of the 
hairy fringes are clearly shown in the drawings. Tlie relative positions of 
the anlennules and antenme are shown in fig. 58 for Ranwnide^ : they are 
hardly different in Lynndus, It will be observed that the “spout'’ of the 
antennary stornum is produced to open well forward between the basal joints 
of the niitonnules : it hardly extends as far forward in Lyreiduii. In both 
genera, hut to a greater extent in Lyreidm than in Raninoidesf, the third 
peduncular segment of the antenna is overlapped by the tip of the elongated 
inerus of the third niaxillijiods, and the portion not overlapped is covered by 
a tuft of long hairs projecting forward from the tip of the mcrus. The inner 
faces of the third peduncular segments of the antenna' and their crests are so 
shaped that when lient inwards they fit very exactly to the outer surfaces of 
the basal joints of the antennules, and when in this position completely bar 
the (mssuge of water from the orbits to the inhalant chamber above the third 
inaxillipeds. But when the antenme diverge slightly outwards a clear 
passage is left between the antennules and the antenme, and the intrusion of 
sand is guarded against by the overlapping bristles of both. Tlirough ibis* 
passage, I think, the inhalant current must pass when the scaphognathite is 
working normully, and through it the excurrent stream must flow wlien the 
action of the scaphognathite is reversed* But the subject is very obscure, 
and I am hy no means content with this explanation. I give it for what it is 
worth ill the hope that some favourably placed naturalist may read it, find 
fault with it, and straightway proceed to make oBsCrvatious and experiments 
on the living animals. The results cannot fail to be of interest. 1 feel 
certain only of this, that there is an inhalant current between the third and 
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the socoiul and first iiiaxillipeds. It is to direct this current under the edge 
of the mouth frame into the branchial chamber that the exopod of the second 
maxilliped is elongated and modified by being channelled along its ventral 
surface. The modification is carried furthest in JVoiosceles (fig. 44) and 
lianina (fig. 42), two forms in which the accessory antennary modifications 
are highly developed^ and in these the exopod has lost its flagellum. But in 
yoiopiis^ in which genus the antennas are most highly specialised for respira- 
tory purposes, the exopod in question (fig. 32) retains a large flagellum, 
and the flagellum is present but small in hyreidus (fig. 52) and lianinoides 
(fig. 43). This may seem a trivial character, but it gains importance when 
comparison is made with the same appendage in the Leucosiido}. In Philyra 
IcBvis for example (fig. 54) the exopod of the secoml maxilliped is of simple 
shape, shorter than the endopod and convex ventralh". In this species, as in 
all the Loucosiidse, there is a definite exostegal canal covered in btdovv by the 
exopod of the maxilliped.: the second maxilliped, therefore, does not lie in 
the course of the incurrent stream and is not modified. 1 have already 
(p. 54) called attention to the difference between the first maxillipeds of 
the Uaninidso and those of other Oxystomatous crabs. Indeed, as I have 
already indicated when dealing with the endophraginal skeleton, the anterior 
thoracic sterna, and other structures, the Loucosiidje differ in a hundred ways 
from the Raninidae, and T regard the comparison with Lyreidxis as wholly 
illusory. The exostegal canal of the Leucosiidso is most probably derived 
from the shallow groove in the pterygostome occupying the same position 
in Cyclodorippe. It would be ' interesting and not wholly irrelevant to 
attempt to trace out the various lines of descent in the families of Oxysto- 
mata other than the Raninidie, and 1 have collected much evidence on this 
subject based on a study of the endophraginal skeleton and other anatomical 
features not taken into account by M. Edwards and Bouvier. But it would 
almost double the length of this memoir if I were to make the attempt. 
I have already written enough, and have, I hope, proved my main thesis that 
the Raninidse cannot have descended, by way of the Dorippidss and the 
Dromiacea, from the Macrura. They have originated independently from 
the lust named, and must therefore be separated from other Oxystomes as a 
separate tribe Gymnopleuru. 1 have endeavoured to show that the numerous 
brachyuran features exhibited by this tribe must be explained by their having 
adopted the same habits as other crabs, and that such modifications as the 
reduction of the abdomen ; the loss of the urof»ods ; the adherence of the 
branchiostegitc to the thoracic epimera (exhibited, however, in a quite 
peculiar inanfier in the Gymnopleura) ; the expansion of the ischium and 
inerus of the third maniNipeds ; the broadening of the front, with which 
is correlated the formation of orbital cavities and the reduction of the 
rostrum ; the great development of the muscle-cavities of the tliorax, — are all 
characters of high survival value in decapods which have acquired the habit 
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of burrowing in the sand for protection and concealmont. A decapod 
crustacean which habitually passes a large part of its existence buried in the 
sand, must undergo a considerable modification of its respiratory arrange- 
ments, and I bave attempted to give an intelligible account of these modifi- 
cations in the various members of the Gymnopleiira. In the end they lead, 
as is natural enough, to the. suppression of the inhalant current at the hind 
end of the thorax and to the substitution of inhalant currents in the anteiiuary 
region. I have said, in the curlier part of this memoir, that the Gyinnopleura 
are crabs hy definition. They retain so many Macruran features that th<*y 
cannot be said to be crabs by ancestry, and there is one small Macruran 
feature which 1 have omitted to mention heforo because I only recognised it 
when the greater {)art of this paper was wTitte^^. The statocyst, usually 
dosed in the Urachyura, is open in the Gyinnopleura. (’ertainly so in lianina^ 
JSotoseeles, and Lyreidus, but 1 have not been able to satisfy myself of the 
existence of the aperture in all the species examined l>ecause the antennules 
are very small and I have not lieen able to cut sections. The position of the 
aperture of the statocyst is clearly shown in fig. 34 for Jianina. 

I must conclude with a description and definition of the new genus and 
species JS^otosceles f liimmonis. 

There can be little doubt that lianinoides 8e7*rati/rons of IIend(TSon (36) 
belongs to the genus ^otost^eles and not to Raninoides^ but his species, 
from Ceylon, is diiferent to mine. He mentions another example of 
serrntifrom from llolothuria Bank, N.W. Australia, as being in the collec- 
tions of the British Museum of Natural History, but I was unable to find 
it there. There are considerable differences In^tween Sotosceles and 
RaninoideSj many of which have been referred to in the course of this 
pjiper. 


Notosceles, nov. gen. 

Carapace ovate, convex from side to side, minutely punctate or smooth 
for the most part but granular towards the frontal region; fronto-orbital 
border little more than half as wide as the broadest part of the carapace; the 
frontal region marked off by a slight transverse ridge joining the bases of 
the extra-orbital spines ; the rostrum pointed, fairly prominent with two 
flat lateral and basal teeth. Ocular peduncles rather short, their terminal 
joints inflated, their corneas of moderate size. Antennal peduncle sh and 
broad, the flagellum small. Merus of the third inaxilliped little more than 
half as long as the ischium. The second and third sternal elements of the 
sternal shield (sterna xi & xii) broad and convex in front, but narrowed 
posteriorly so that the bases of the first ns well as the second pereiopods are 
approximated to the middle line. Last pair of pereiopods reduced in size, 
situated above and in front of the penultimate pair, their dactyl! small, oval. 
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and flattened. First abdominal tergam not much narrower than the posterior 
margin of the carapace, about equal in breadth to the second tergum, the 
remaining tergii progressively narrower ; the tclscn small and triangular. 

NoTOSCELES OHIMMONIS, n. sp. (PI. 4. figs. 2 & 3.) 

Carapsice minutely punctate to smooth over the greater part of its surface, 
but granular towards the frontal region : proportion of length to breadth of 
carapace about 5 : 3. The frontal region is marked off by a distinct trans- 
verse ridge joining the bases of the extra-orbital spines. The median f rontsil 
region is fairly broad and producod anteriorly into a median pointed rostral 
spine at either side of the base of which is a triangular flattened and soine- 
w'hat upturned spine, the'^margins of all three spines minatelj serrated. On 
either side a fissure separates the median frontal projection from a short 
triangular tooth or spine, and outside the latter is a prominent incurved 
extra-orbital spine. A single lateral spine occurs on either side of the cara- 
pace a short distance bcliind the extra-orbital spine, and nearly of the same 
size as the latter. On the upper surface a slight carina runs from the 
median rostral spine to the transverse granular ridge separating the fronto- 
orbital region from the rest of the carapace. In the cheiipeds the anterior 
edge of the ischium is sernited ; the merus largely dilated externally at its 
base ; the carpus granular above and without a distal spine ; the propodus 
bears two subequal spines on its lower margin, and on its upper surface are 
two parallel ridges separated by a narrow groove ; the immobile claw bears 
four denticles on its inner margin. Jn the third maxillipeds the relative 
length of the merus to the ischium is as C : 10 ; the lower surface of the 
merus is granular and hairy. The pterygostomial regions are hairy. In the 
sternal region the chelipedul sternum is of the shape characteristic of 
the lianinidse, the following sternal element flat, broad in front and narrow 
posteriorly ; the third element of the sternal plastron triangular, convex, the 
apex of the triangle anterior. The articular cauties of the first and second 
pereiopods approximated to the middle line. The first abdominal tergum is 
flat and quadrangular, not much narrower than the posterior margin of the 
carapace; the second abdominal tergam is nearly equal to it in width; the 
remaining abdominal terga narrow rapidly and the telson is small and sub- 
triangular in shape. 

Two specimens from the Sulu Sea, both males. Length of the larger 
specimen with the abdomen fully extended 28 mm.: length of carapace 
20 mm. : greatest width of carapace 13 mm. 

The species is named after Captain Ohimmo, B.N., of H.M.S. ^Nassau,’ 
whose collections from the Sulu Sea were presented to the Oxford University 
Museum in 1872. 

I am of the opinion that Baninaides semUifronij Henderson (86) should 
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be placed in the genus Notosceles^ which differs from Raninoides in the pro- 
portions of the carapace, the shape of the rostrum, the lesser width of the 
fronto-orbital region, th<^ larger coriiete of the eyes, the proportions of 
tlie joints of the antennal peduncles, and in other characters, hut especially 
in the relatively much greater width of the base of the abdomen, and the 
proportions and shape of the sternal shield. 

Liteuatttre. 

1. Akcock, a.— -N atural Hi-story Notes from H.M. Indian Marine Survey Sleniiier 

* Investigator/ Ser. ii. no. 1. Ann. Mag. Nat. Hist. ((») xiii. 1804, p. 40<I. 

2. Ibid. Materials for a Curcinological Fauna of India. Joiirn. .Asiatic Soc. Hengal, Ixv. 

1800, p. i;m. 

3. JItTTNRB, A. — Beitrilge zur Kenluiss tertiarer Bracliyureu Fornion. iJeuliSchr. Rais. 

Wise, xlviii. 1853. 

4. Hoas, E. V. — Studier over Decapoderiies Slaegtskabsforhold. Kong. Daiiske Videnskab. 

Skrifter, i. Coponbagen, 1880-85. 

5. Bohn, H. — Sur la respiration du Carcimis manas Leacb. (k^mptes Rendus de TAcad. 

Sci. cxw. 1897, p. 441. 

6. Ibid. Sur la renverseiiieiit du eourant respiratuire chez les ]>eeapodes. Loc. cit. exxv. 

1897, p. 539. 

7. Ibid. De reiifouiasenicnt chez les Hotiiaridds et les 1 lialnssinidds. Loc» cit, cxx^ii. 

1898. p, 781. 

Borradailk, L, a,— a series of papers in Professor J. Stanley (lardiner’s * Fauna 
and Geography of the Maidive and iiaccadive Arcbipelagos,' including: — 
Land Crustaceans. Vol. i. pt. 1 . 

8. Marine Crustaceans : Introduction. \'o]. i. pt. 2, 

9. Varieties in the Decapod Crustaceans. Vol. i. pt. 2, 

10. Portunidw (Swimming Crabs). Vol. i. pt. 2. 

11. The XanthidsB and some other Crabs. Vol. I. pt. 3, p. 237. 

12. Some iCeinnrks on the Cla8^itication of Crabs. Vol. i. pt. 4, p. 424. 

13. The Crabs of the Oatametope families. \''ol. i. ))t. 4, p. 429. 

14. The Sand Crabs (Oxystomata). Vol. i. pt. 4, p. 434. 

15. The Sponge Crabs (Dromiacea). Vol. ii. pt. 1, p. 574. 

16. The Spider Crabs (Oxyrhyucha). Vol, ii. pt. 2, p. 681. 

17. On the Classiiication and Genealogy of the Iteptant Decapods. Vol. ii. pt. 2, p. 600. 

18. The liippidea, Thalassinidea, and Scyllaridea. Vol. ii. pt. 3, p. 750. 

19. Ibid. Crustacea. l*t. I. Decapoda. Brit. Antarctic (Terra Nova) Exped. 1910. Nat. 

Hist. Rep. 2ool. vol. iii. 1916, p. 75. 

20. Ibid. Crustacea. Pt. II. Porcellampagurus : an instance of Carciuization. Loc. cit, 

vol. iii. 1016, p. 111. 

21. fiouviSB, E. L. — Le synteoie nerveux des Crustac s D^capudes. Ann. Sci. Nat. Zool. 

(7) vii. 1889,' p. 73. 

22. Ibid. Sur Torigine homarienne des Crabes. Bull. Soc. Philomath. Paris, (8) viii. 1895, 

p.i. 

23. Calman, W. T. '-Crust acea in Riy Lankesters * Treatise on Zoology.' London, 1909. 

24. Dana, J. D. — U.S. Exploring Expedition: xiii. Crustacea. 

26. Edwards, H. Mxlnk.— H istenre Naturelle des CrustaciSs, 3 vuls. Paris, 1837. 

26. Ibid. Crustacea in Cuvier’s ‘Rdgne Animal.* 



76 


DR. G. C. BOURNE ON THE RANINIDA : 


27. Edwards, Alpronsr.— N ote sur Texistence de Crustacds de la famille des Eaniniens 

pendant la pdriode Crdlacde. Oomptes Kendus, Iv. 1862, p. 492. 

28. Edwards, A. Milnb. and Eouvieb, E. L.-- Report on results of dredging by U.8. 

Survey Steamer ' Blake/ xxxix. ; Los Dromiaies et Oxystomes. Mem. Mus. 
Comp. Zool. Harvard, zxvii. 1902. 

29. Ibid. Exped. Sci. du * Travailleur * et du * Talisman * : Crustacds Ddcapodes. 

Bracbyures et Anomures. Paris, PKX). 

30. Cahbtano, W. —The habits and respiratory mechanism of Cot'yBtes ca&Biwlavnus, 

Jour. Mar. Biol. Aqsoc. iv. 1896, p. 223. 

31. Ibid. On some Moditications of Structures subservient to Respiration in Deca])od 

Crustacea which burrow in the sand. Quart. Journ. Micr. Sci. xl. 1897, p. 21 1 . 

32. Ibid. The Function of Antero-lateral Denticulutions of the Carapace in Sand- 

burrowing Crabs. Journ. Mar. Biol. Assoc, iv. 1800, p. 396. 

33. Ibid. The Systematic Features, Habits, and Respiratory l*henomena ot PortumnuB 

nastduB, Journ. Mar. Biol. Assoc, iv. 1890, p. 402. 

34. IIaan, W. de — Crustacea in Siebold's ^ Fauna Japonica.' 1850. 

35. llENDfliiHON, J. B. — Report on the Auomura: ‘Challenger* Reports, Zoology, xxvii. 

1888. 

36. Ibid. A Contribution to Indian Carcinology. Trans. Linn. Soc. Lond., Zool. (2) v. 

1393, p. 408. 

37. IlRnnicx, F. H. — Natural History of the American Lobster. Bull. Bureau of Fisheries, 

xxxix. 1911. 

38. Hcxley, T. H. — The Crayfish, an Introduction to tlie Study of Zoology. London, 

1880. 

39. luLE, J. E. W.— Decapod a Brachyura der ‘Siboga* Expedition: iii. Oxystomata. 

Moiiogr. xxxix b Leiden, 191 8. 

40. Laurie, R. D. — Reports on the MiQ'iiie Biology of the Sudanese Red Sea : Brachyura. 

Journ. Linn. Soc., Zool. xxxi. 1916, p. 407. 

41. Obtmann, a. — Die decapodeii Krebse des Strasbiirger Museums. ,Zool. Jabrb. Abth. ' 

f. Systeinatik, vi. 1892. 

42. Ibid. Crustacea in Bronn’s ‘Thierreich.* ItK)!. 

43. Rathbur, Mary J. — Marine Brachyura. Rep. Percy Sladen Expedition, vol.iii. 1912, 

p. 191. 

44. White, Adam. — Short descriptions of new or little-known Decapod Crustacea. Proc. 

Zool. Soc. 1847, p. 227. 


EXPLANATION OF PLATES 4-7. 

Lettering. 

A 1 . Antennules. A u. Antennas, abr. artbrobranch. ad, apodeme. aph, artbro- 
phragm. ai, antennal respiratory tube. bBt branchiostegite. cr. crest (»f antenna, edjd, 
endopleurite. edst endosternite. en,p, endopodite. Ep, Epimeron. ep,ttd, epimeral 
apodeme. epL epaulette of the tenth sternum. e,i\ excretory pore. ejEp, H)xopodite. 
ff. ganglia of nerve chain, lb, labrum. mbr, mastigohranch. md, mandible, oe, ocular 
peduncle. oc,t, tergum of the ocular segment w, cesophagus. P, Pereiopods. pbr, podo- 
branch. pgt, pterygostome. plbr, pleurobranch^ Ji, Rostrum. s6r. rudimentary setobranch 
of the third maxilliped. scg, aperture of statocyst. Bjtd, strophidium. Bpng, strophingiuni. 
Bt,a, sternal artery. Btx, sternal canal. 

The roman numerals refer to segmental structui'es, stenia, epimera, ganglia, etc. 
Intersegmeutal structures ore indicated thus ix/x. 



A STUDY IK CARCIKOLOQY. 


77 


Plate 4. 

Fig. 1. Vontral view of Notopus dondpeny de ITaan. The chelipeds have been turned 
outwards and the pereiopods are extended to show' their structure as far as 
possible. 

Fig. 2. Dorsal view of Notoseelea chimmonis^ nov. gen. et sp. The chelipeds and pereiopods 
have been extended as in lig. 1. 

Fig. S. Ventral view of Notoacdea chimmitnia. 

Fig. 4. Ventral view' of Lyreidua tridentatus, de Ilaan. Note the elongated digging daclyli 
of the first and second pereiopods. 

Fig. 5. Dorsal view oiltammidea peraonatua^ White MS.^ Henderson. The first and third 
pereiopods of the left side are missing. 

Fig. 6. V^enti-al view of the same specimen as fig. 5. Note the large size of th<* sternal 
plastron, due to the great enlargement of sternum xii and the adaptation of tho 
second and tliird pereiopods for swimming. 

Fig. 7. Left side view of Notopm doraipea. The first three pairs of pereiopods have been 
pulled do w'n wards to show' the laige extent of epiniera xi and xii left uncovered 
by the edge of the branchiostegite. # 

Fig. 8. Central nervous system of Ranina detdaia. i. ocular, ii. antennulary, iit. antennary 
nerves; iv. mandibular nerves; v-ix. nerves to maxillae and maxillipeds issuing 
from the suboesophageal ganglion ; x. ganglion of cheliped ; xi-xiv. ganglia of 
tint four posterior thoracic segments; xv-xx. ganglia of the abbreviated 
abdominal nerve chain. atjL aperture for passage of the sternal artery. 

Fig. 9. Kight half of the endo]ihraguial skeleton of Ihmina dentata as seen from within 
after division into two halves by a sagittal cut. The more anterior thoracic 
somites are omitted. The thoracic portion of the central nervous system is 
show'll in aitu. Note the great depth of the sagittal apodemes of sterna xii, xiii, 
and xiv. ^.11 ^.14, the four posterior thoracic ganglia. 

Fig. 10. Central nervous system of Lyreidua tridenfatua. Lettering as in fig. B. 

Fig. 11. A drawing from the left side of the eleventh and twelfth segments of the common 
lobster to show the relations of the endophragmal to the exoskeletou. xi and 
xii. sterna of tht' eleventh and tw'elftli segments. The preparation Itas been 
slightly tilted to the right to show the endopleurites edpLy consequently the 
epimera Ep. xi and Ep. xii are foreshortened. 

Fig. 12. A left side view of the thoracic skeleton of Dromta vulyaria. The ventro-lateral 
projections of the sterna have been omitted, and the preparation is slightly tilted 
over to the right, xi^ xiv. the four posterior thoracic sterna. 

Plate 5. 

Fig. 13. A posterior view of the thoracic skeleton of the common lobster, shewing the large 
size of the penultimate and the structure of the last thoracic sternum. 

Fig. 14. A posterior view of the thoracic skeleton of Raniwt dantatay illustrating the sliapc 
of the last three thoracic sterna and the formation of the sella turcica posterior. 
agM, sagittal apodemes. 

Fig. 13. A similar view of the thoracic skeleton of Dromia mdyaria. In the absence o! 

sagittal apodemes in the posterior thoracic sterna the arthrophragms xiv/xv 
do not meet in the middle line, and there is no sella turcica. 

Fig. 16. The endophragmal skeleton of Notopua duraipea as seen from above after lemoval 
of the upper parts of the epimera. 6, 7, 8y the articular ca^ities of the 
second maxilla and first and second maxillipeds. The endosternites adat. and 
endopleurites ed/pL ore clearly shown. 
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Fig. 17. Thoracic skeleton of N&fqpus dorsipen seen from the left side, illustrating the great 
depth of the epimera and the oblique raised ridge on the 11th, 12th, and IRth 
epimera, against which the lower margin of the hranchiostegite fits : ix, x, the 
ninth and tenth sterna ; Ti/vii to ix/x. intersegmental arthrophragnis. 

Fig. 16. Frontal view of the thoracic skeleton of Notopus dorsipes. The articular socket of 
the second maxilla of the left side is omitted. 

Fig. 19. The antennarj region of Nephrops normyicus. The rostrum is cut short and the eyes, 
antennules, and antennas are removed from their sockets, i. The membranous 
ocular sternum ; ii. the antennularj stemiiro ; iii. the antennary sternum ; iv. the 
mandibular sternum; ii/iii. the arthrophragni between the anteiinulary and 
antennary fosses. sclerite identified as the mandibular epimeron. 

Fig. 20. Side view of the ocular and the antennary regions of Nephrops norveyicus. The 
rostrum is cut short and the antenimles and antennae are removed. *ocJ. sclerite 
representing the tergum of the ocular segment; i. the sternum of the ocular 
segment : the epimera of this segment are membranous. 

Fig. 21. Antennary region and buccal frame of JEthusina yracilipes, fliers. JEp. iv. epimeron 
of the mandibular segment. 

Fig. 22. Antennary region and l^iiccaffraine of Notopus dorstpes. The appendages have been 
removed, with the exception of the right ocular peduncle and tlie left mandible. 
AifA 2 t sockets of the antennules and auteniue ; jjyL sub-antennary lobe of the 
pterygostonie. 

Fig. 23. A similar view of the untennaiy region and buccal frame of Ranina deutatu, 

PLiiTB 6. 

Fig. 24. A similar view of the antennary region and buccal frame of Notosceles chimnwnis. 

Fig. 26. A similar view of the antennary region and buccal frame of Lyreidus trideniatus, 
showing the great elongation of the antennary sternum iii. pyl paraglossw*. 

Fig. 26. Perspective sketch of the buccal, frame of Ranina dentat.a, to show the hood-shapod 
mandibular sternum iv. 

Fig. 27. Antennary region and buccal frame oiDroniia viJyaris. The appendages have been 
removed, with the exception of the right ocular peduncle. 

Figs. 28-33. Notopus dorsipes. Fig. 28. Right antennule : admedian aspect. 

Figs. 29 & 29 fi. Right antenna, admedian and outer aspects. 1-5, segments of the peduncle. 

Fig. 30. Second maxilla with scaphognathite. 

Fig. 31. First maxilliped. Fig. 32. Second maxilliped: note the relatively large flagellum 
of the exopodiie. Fig. 33. Third maxilliped : note the oblique line of hairs on 
the ischium also seen in Raniiia, M. Edw. 

Fig. 34, outer and Fig. 34 a, admedian views of the right antennule of Raninu dentaia. 
Note the external opening of the statocyst, svy. 

Fig. 36, outer and Fig. 36 a, admedian views of the right antenna of Ranina dmtixta, 
1-5, segments of peduncle. 

Fig. 36. Outer aspect of the right antennule of Raninoides personatus. Note the infolding 
of the cuticle to form the statocyst, and the external aperture of the latter at sey. 

Fig. 87. Admedian view of the right antenna of Raninoides personatus. In this genus and 
in Lyreidus the two basal'segments of the peduncle are indisriDguishably fiised 
together. 

Fig. 38. Admedian view of right antennule of LyrMtss trideutatus. 

Fig. 39. Admedian view of right antenna of I^rHdsss trideniaim. 

fig. 40. Admedian view of right antennule of Notosoedes ehimmonU, 

Fig. 41, outer and Fig. 41a, admedian views of the right antenna of Notuseeks ohmmoms. 

Fig. 43. Notosceks oAimmonis. Third maxilliped. 
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Fig. 42. Right second maxilliped of Itanina dmtata» The exopodite is deeply grooved on 
its surface and has no flagellum. 

Figs. 44-47, Notosceleit chimmottia. Fig. 44. Second maxilliped, the exopodite of which, like 
that otManinaf is deeply grooved on the ventral surface and bears no flagellum. 
Fig. 45. First maxilliped. Fig. 46. Second luaxiUa with scaphognathite. 
Fig. 47. First maxilliped. 

Figs. 48-r)0. Raninoidea personatus. Fig. 48. Third maxilliped. Fig. 49. Second maxilliped, 
the expodite of which bears a minute flagellum. Fig. 50. First maxilliped. 

Lyreidm tiideniatua. Fig. 51. Third maxilliped. Fig. 52. Second maxilliped, 
the exopodite of >vhich bears a minute flagellum. Fig. 5;i. First maxilliped, 
the exopodite of which is elongated in correlation to the elongation of the an- 
tennary sternum. 

Fig. 54. Second maxilliped of Philyra Imin, The podobranch and mastigubranch are 
wanting : tlie exopodite is not grooved on the ventral surface and bears a short 
flagellum. 

Pig. 55. First maxilliped of VhVyra lavia. The mastigobranch is of gi'oat length and the 
exopodite is of normal shape and bears a flagellum. These appendages of Philyra 
should be compared with the corresponding appendages of the several genera of 
Raninidie. 

Fig. 50. Notapua doraipea : ventral view c»f the nniennary region to sliow the relation of the 
respiratory tube to the antenuary sternum. The pterygostomial portions of the 
carapace have been cut awa 3 % 

Fig. 57. Frontal vi^w of Notoaeeka chimmonia to show the antennse in their natural position 
and their relation to the orbits. The right antenna has been pulled slightly 
outwards to expose the nntennules. 

Fig. 58. Ventral view of the aiiteiior part of thorax and liend of Raninoidea j}eraQnatH8, I'he 
right third maxilliped has been removed and the left displaced from the middle 
line to expose the mouth frame and to show the elongated cxopodites and endo- 
podites of the first maxilli])ed8 forming the floor of the spout-shapod antennary 
sternum. The latter extends well forward between the basal joints of the 
antennules. 
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The Theory o£ Recapitulation : A Critical Re-statement of the Bio^enetic 
Law. By Walteb Garstanq, M.A., D.Sc.(Oxon), Professor of 
Zoology in the University of Leeds. (Ootntnnnicated by Prof. W. 
Bateson, F.R.S., F.L.S.) 

(With a Text-figure.) 

[Read 2iid June, 1921.] 

Moue than half a century has passed since Haeckel propounded his funda- 
mental Biogenetic Law^’ (1866). It played a great part in the campaign 
for the recognition of Evolution, has inspired and still inspires much good 
work in Palaeontology, but, as a working hypothesis in Embryology, is 
admitted to have evoked little but controversy and confusion. This history 
alone renders it probable that the law is a mixture of sound and questionable 
elements, but the two have never been satisfactorily disentangled. The late 
Dr. 0. H. Hurst (1893), Adam Sedgivick (1894 & 1909 (a)), and Geoffrey 
Smith (1911), Oscar Hertwig (1898 & 1896), and Morgan (1908), among 
others *, have criticised particular aspects of it, but no one has presented a 
complete theoretical scheme capable of replacing Haeckers as an explan- 
ation of the relations between ontogeny and phylogeny. Lately MacBride 
(1914 & 1917), from the embryological side, and Bather (1920), from the 
standpoint of palaeontology, have revived the full Haeckelian doctrine ; and 
the former has even considerably extended it, though neither, so far as I can 
see, has refuted, or even appreciated, the force of the criticisms made by 
their predecessors. As it is not to the credit of science tbit Zoology should 
harbour a ^Maw'’ which, like a creed, may be accepted or rejected at 
pleasure, and as I believe the basis of this law is demonstrably unsound, 
I venture to make a renewed attempt to define the points at issue. The most 
satisfactory way of doing this appears to be to re-state, in accord with 
modern knowledge, the theoretical relations of ontogeny to phylogeny, and 
tiien to subject the alternative theories to verification by test-cases. As the 
old law was essentially morphological, I exclude from present consideration 
all bionomical and setiological questions not directly involved. 

l..The two aspects of HaeokePs doctrine-— the statement of fact and the 
theory of causation — were summed up by himself in the phrases : Ontii- 
genesb is the recapitulation of Phylogenesis^' and ^^Phylogenesis is the 
mechanical cause of Ontogenesis.” In these now familiar terms the new 

* Bateson’s criticism df the law of v<m Beer, though not specially referring to Haeckers 
SBodification of It, should be included here (1694, pp. 8-10). 
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conception o£ evolution was wedded^ fifty years ago« to current ideas of 
ancestry^ heredity, and development : Ancestors created, heredity transmitted, 
and development repeated the order of creation. 

2. To Haeckel, phylogenesis meant the chain of manifold animal forms 
which represent the ancestry of an organism, i. e, the phyletic line of 
succession of adults. Ontogenesis was, and is, the succession of form- 
changes between zygote and adult of the same organism. The ontogenetic 
sequence was regarded as resembling, and actually caused by, the phyletic 
sequence of adults, which had preceded it. 

3. But Haockcl overlooked the other evolutionary sequence, the phyletic 
line of succession of zygotes, running more or less parallel with the adult 
sequence, step by step, though steadily diverging. Every elaboration of 
adult form, even of its <legree of pliability under environmental influence 
(for there are great differences among animals, as among plants, in this 
respect), was preceded by a corresponding elaboration of zygotic structure *, 
nuclear or cytoplasmic or both, determining, under suitable conditions, the 
form and character of the ontogenetic changes and their result. Through 
the whole course of Evolution, every adult Metazoan has been the climax of 
a separate ontogeny or life-cyclc, wdiich has always intervened between adult 
and adult in that succession of forms which Haeckel terms “ Phylogenesis.^^ 
The real Phylogeny of Metazoa has never been a direct succession of adult 
forms, but a succession of ontog<?uies or life-cycles. 

4. This was so from the very beginning, when zygote and adult were 
indistinguishable in form as ancestral Flagellate Protozoa. Zygosis must 
have been followed, then as now, by successive cell-divisions, corresponding 
to the cell-divisions of Metazoan ontogeny, though they led to no single 
multicellular adult. A stage further ou, the corresponding cell-divisions 
gave rise to adherent colonies, fixed or free, arborescent or epithelial, each 
typo established by its own ontogeny. The very first, most ancestral 
Metazoan of all— at whatever grade of evolution the dividing line may be 
drawn — must be admitted to have been built up by a full ontogeny from 
unicellular xygote to multicellular adult, so that, in the first, as in the latest 
Metazoan, ontogeny came first, leaving the first adult Metazoan as its original 
achievement. The next generation, through a new ontogeny, produced a- 
second adult, and so on. In a word, Haeckel’s causes and effects must be 

inverted. Phylogeny (in Haeckel’s sense) is the product, the “ record ” 

not the precedent cause — of successive ontogenies ; and neither the first, nor 
the second, of Haeckel’s phrases can any longer express the basis of true 
biogenetic law. Ontogeny does not recapitulate Phylogeny : it creates it. 

♦ Of, Hertwig (1906, i. p. 6G) : «.Die Eizello z. B. eines jetzt lebendea S&ugetieres iet 
kein eiafsches und indifferentes, bestimmungslosefl Gebildo .... soiidern .... das ausser-' 
ordantlich komplizierte Kndprodukt eines eehr langen, kUtoriseben Entwickebngsp^saes.” 
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neoeffsarily to follow^ however great the difficulties may be which are 
involved in their acceptance” (1885, ii. p. 32), But the ** parallelism ” of 
ontogenetic and phyletic sequences, which was incorporated by Haeckel 
in his “law,” was noticed by many a “good physiologist” before him 
(c/, Meckel, Von Baer, L. Agassiz, Ac.), and cannot disappear with his inter- 
pretation of it. Perhaps now we shall see its true extent and meaning more 
clearly. Ontogeny proceeds through successive grades of differentiatiijn by 
which layers, tissues, organs, and parts together with ordinal, family, generic, 
and specific characters, are more or less successively established. As diflter*^ 
entiation increases, the combination of layers, tissues, organs, and parts 
exhibited at successive stages resembles more or less distinctively the conw 
binations characteristic of successive grades of evolution represented in our 
schemes of phyletic classification. To that limited extent the ontogeny of 
a given animal is an epitome of its phylogeny, and may be said, in the 
true sense of the word, to recapitulate phylogeny, i.e. to sum it up, 
recall the main phases of it. This is the parallelism observed by Meckel,. 
Von Baer, and many others, expressed in evolutionary terms. It exists and 
is undeniable. 

6. This parallelism exists because phylogeny is itself the creation of 
successive ontogenies, and ontogenies of necessity run parallel with one 
another from zygote to adult. For ontogeny is the expression of zygotic 
power, the function of zygotic structure ; and zygotic change involves no. 
radical departure from the routine 6f ontogenetic method. One ontogeny is, 
in this sense, a modification of its predecessor. The ontogeny which first 
established the Ccelentcrate grade was the basis of a later ontogeny which 
established the Coelomate grade. The lifc-cycle was extended accordingly, 
but never by the simple addition of a substantial unit or stage, distinctively 
Ccelomate, to the final adult stage of a Coelenterate ontogeny. A house is. 
not a cottage with an extra storey on the top. A house represents a higher 
grade in the evolution of a residence, but the whole building is altered — 
foundations, timbers, and roof — even if the bricks are the same. You may 
begin by building a cottage a little larger than its predecessor, catting off 
an entrance passage from the parlonr, and adding a back kitchen ; but when 
your ambition rises to an entrance hall, three reception rooms, two staircases,, 
and so on, yon are forced to a mutation in your building plans which affects 
operations from the start. The ontogeny of a Ccelenterate adds, in a certain 
sense, on a simple diploblastic base, certain effective, workaday, adult, 
features by which it copes with the conditions of its life ; but the replace-v 
ment of these eflective characters by others suited to the more adventurous 
career of a Coelomate {e.g. development of prehensile mouth instead of tentacles) 
involves their disappearance altogether ; and there remains of (.'oelenterato 
organisation only that diploblastic residuum of differentiation out of which 
tbe Coelomate may be economically and directly built up. Kor k tilie end oC 
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the life-cycle alone effected. The Coelonterate had a larva fitted both to 
distribute it and to build it up. It mast be changed so as to perform this 
double function for a quite different creature, probably of very different size, 
habits, and requirements. And then the changes at the larval end must be 
fitted and co-ordinated nvith the changes at the adult end, so that every phase 
of the life-cycle is modified in some way or other. Yet it is only this much- 
pruned Coelenterate sequence that survives as building material out of which 
a specifically Annelid ontogeny may. give rise to a Crustacean, and so on. 
Inevitably the Coelenterate sequence in the Crustacean’s ontogeny is reduced 
to the simplest terms, and is ns far from mirroring ” any functional Cuelen- 
terate type, or the original mode of its formation, as possible. Nevertheless, 
tlie grades persist as stepping-stones from zygote to adult; and, having been 
successively pruned of unessentials as they ceased in turn to furnish directly 
the equipment of the adult stage, they have become very constant features 
of the ontogeny in a long line of evolutionary progress. For there is an 
irreducible minimum beyond, which even ontogeny cannot abbreviate. The 
zygote is always unicellular, the larva multicellular and fitted for sw'imming, 
and the adult a multilaminate complex of interdependent parts ; and even 
the Ctenophore, with its elaborate prie-organisation of the zygote, cannot 
escape the rule that 8 = 4x2. Ontogeny repeats the necessary successive 
grades of ancestral differentiation, but no ontogenetic stage is ever more 
than an immature adumbration of a particular adult type in the phyletic 
chain *. It reproduces those successive grades, not because successive adult 
types have been included in it, but because each ontogeny is a modification, 
within limits, of its predecessor ; and by those predecessors the phyletic 
chain of adults was organised and equipped. 

7. Thus Coelenterate, Ooelomate, Protochordate, Gnathostoinc, and Tetrapod 
are successive grades of differentiation both in the ontogeny and phylogeny 
of a Frog ; but at hone of these grades does the ontogeny recall the form 
and structure of a possible adult ancestor. This is obvious enough in each 
of the first three grades ; and in the fourth, which is held to “ recapitulate ” 
the Fish, the tadpole lacks dermal skeleton (l)oth scales and fin-rays), paired 
fins, and biting jaws, which the adult ancestral Fish undoubtedly possessed. 
The tadpole, in fact, is not a modified reproduction of ah adult Fish-ancestor, 
but a modification of the larva which that ancestral fish undoubtedly 
poseessed^still recognisable, in less modified form, in the larvae of Polypterus 
and Dipnoi to-day. In other words, the life-cycle of the Frog is a modifi- 
cation of the life-oyole of an ancestral freshwater Fish ; and adjacent terras 
in the old life-cycle (larva and adoli) have undergone parallel and correlated 
modifications, as well as some independent specialisations. 

« 

* Qf. Von Baer (1888, p.280): ^*l)er Embryo gebt nie dutch eiue audere Tierform 
oindtireh/ aondem nut dw^ den Indifferentzzustand zwisohen seiner Form und einer 
andeten.” 
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8. That recapitulation does not require the reproduction of adult stages 
n the ontogeny in order to be exhibited is plainly seen in the development 

of many Geometrid moths. Everyone knows the Geometrid or “ looper 
type of caterpillar, provided with prolegs only on two of the hindmost 
abdominal segments (the 6th and last). This type is admittedly derived 
from a prototype which possessed the full Lepidopteran equipment of prolegs 
on segments 3 to 6, as well as the last, the prolegs on the three first segments 
having subsequently disappeared. But many Geometrid caterpillars possess 
vestiges of one or more pairs of these missing prolegs : in the March moth * 
(Erannts wscularia^ Schiff.) there are traces of the last pair (South, ii. pi, 125); 
in the common Brimstone {Opist1nutrajitis crativffata (Linn.)) sind Scalloped 
Hazel {Gofiodontis hidentata^ Cl.), clear rudiments of the last two pairs (/. c, 
pi. 115) ; while the Orange Underwing {Brephos parihenias (Linn.)) has the 
first two pairs rudimentary and the third pair fully developed and functional 
(Meyrick, 1895, and South, 1908, ii. pi. 39). In the Feathered Thorn, Colotoh 
(HUnera) pennaria (Linn.), the single pair of vestigial prolegs arises and 
disappears between the 1st and 4th moults (Buckler, 1897). Now, the time 
has long passed when it was possible to regard those prolegs as homologut^s 
and derivatives of the true legs of some Scolopendroid ancestor. They were 
‘‘ cenogenetic larval features, adaptive interpolations, modifications of the 
middle stages of a life-cycle which originally, in the earlier phases of Endo- 
pterygote history, exhibited larva? lacking prolegs altogether, as in Coleoptera. 
Yet these examples of vestigial organs are as reminiscent of ancestral (though 
larval) structure as the larval foot of the oyster, the larval stalk of A ntedon^ 
the transitory feet of the parasitic JPortuuion, or any other of the familiar 
examples that are held to prove the theory of adult recapitulation. They 
demonstrate, as Morgan has already urged (1919), that recapitulation is 
merely the static aspect of inheritance, and that, in this aspect, inheritance 
is not primarily the reproduction of adult characters, but the reproduction 
of the characters of each part of the whole life-cycle — the sequential 
expression of the full train of zygotic potencies. 

9. It may be urged that such hereditary changes in the middle phases of 
the life-cycle do not affect the proposition that evolutionary changes usually 
take place at the end; and that the case for adult recapitulation rests on the 
evidence for this' proposition. Nevertheless, to clear up the misunder- 
standings of the past, it is necessary to leave no margin for ambiguity. 
If recapitulation,^' in the special sense of partial reproduction of the past, 
is hereby shown to be independent of the characters of adult ancestry, that is 
something gained : the axe is laid at the root of the tree. For much of the 
glamour of the old biogenetic law is due to its appeal to such idols of the 
markit-place as the assumption that like begets like," and that, as adults 

* Meyriek’s classification and nomenclature are followed here, but the names 

have been added for convenience of reference to South’s figures. % 
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only are capable of begetting, the thing begotten is built up of successive 
adults. That “ cenogonetie interpolations*, without any adult ancestral 
significance, are a normal feature of almost every life-cycle, is often verbally 
admitted, though the recapitulationist rarely realises how profoundly such 
interpolations may affect his phylogenetic conclusions, and how dangerously 
subtle become his arguments when engaged in proving that such hirvse us the 
Trochosphere, the Nauplius, and other distributive stages of the life-c^yclo 
are at bottom “recapitulative.’^ I propose to deal more fully with the origin 
and significance of such larval forms in another communication ; but, to 
illustrate the principle, 1 may add one example of the origin of an inter- 
polation in the most progressive of sequences knoun to us, viz. that of 
Vertebrates. There is no doubt that Birds are descended from Reptiles. 
It is beyond question that Reptiles are hatched in a form and with a somatic 
organisation which is that of a miiiiaturo adult Reptile in all respects. Yet 
the Bird is hatched in a form and with sundry details of organisation 
(liflerent from those of the adult, e.g. its downy plumage. Now, the 
“ typical'^ down-feather is an open hollow tube, s|J[ayed out at its free 
extremity into a ring of soft barbs (or barl)ules) of c‘(|ual size, and I ask if 
such a tubular feather is to ho regarded as an intermediate stage in the 
phylotic derivation of feathers from scales. I submit that there is not a scrap 
of evidence, or of probability, that any adult ancestor of Birds, along the 
\vhole route from Reptiles to Sparrows, was ever clothed in anything except 
scales, feathery scales, and finally contour-feathers. The chick is an inter- 
polation in the life-cycle of Birds, and its down is a "‘secondary'’ modifi- 
cation of complete contour-feathers. The Duck, the Fowl, and the Pigeon 
represent three successive grades of differentiation in the phylogeny of 
Birds. Anyone wdio wdll examine under a microscope the nestling-down of 
these three birds in the order mentioned, will see that they exliibit successive 
phases in the degradation (a) of the primitive rachis of a contour-feather 
and (It) of the barbs of such a feather, L e. that the chick stage, w ith its 
])oculiarities of organisation, has been evolved, step by step, within the group 
of Birds alone, and is an interpolation that lias no relation with, and throw*s 
no light on, the pras-Avian adult ancestry, or on the way in wdiich scales 
were transformed to feathers f. 

* Weitmann’s discussion of the evolution of markings iii larvse of Spliingidse, luucli 
of which is probably sound, though unnecessarily complicated by tho assumption that 
primitive longitudinal markings have been “shunted back’’ into earlier stages of the 
ontogeny, instead of being simply replaced in the later stages by patterns more suited to 
increased size or special conditions of exposure (1904, pp. 177-"! 85). 

t The subsequent publication of Prof. Cossar Ewarts valuable paper on “ The Nestling 
Feathers of the Mallard ” (P. ZooL 8oc. 1921) renders this discussion inadequate and I hope 
to amplify it. In the meantime I would merely remark that, on the relation of feathers to 
scales, the association of several i^ther-germs with single scales on the foot of the Owl is 
no disproof of my thesis, since the feathers here represent a secondary extension, like that 
of the scales on the head of Ceratadfu, 
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10. Let 118 now take an equally unambiguous case of evolutionary change 
at the adult end of the life-cycle. There is a group of genera of Geometrid 
moths in which the life-cycle terminates with normal winged males and 
more or less wingless females {Apoclmma^ Hybemia^ Tlieria*^ &c.). It is 
tin adaptive change, for, unlike their congeners which hibernate as puplb and 
emerge in early summer, these moths emerge in winter when the trees are 
leafless, and the normal method of repose is much more dangerous. The 
males, like both sexes of other related genera, rest by day exposed with 
wings outspread on tree-trunks, palings, &c. The wingless females 
hide in the crevices of bark. Both are active at night, the females 
creeping out of their crannies, and the males hunting for them up and 
down the woods. In the Early Moth ( T. rupicapraria) and Dotted Border 
(/i. marffinana)y which emerge in February and March, the wdngs of 
the females are half as long as the body (South, ii. pi. 120) ; in the Scarce 
Umber (IL auraniiaria)^ which emerges as early as October or November, 
the wings are mere stumps (/. e. pi. 120’^ ;• while in the Mottled Umber (i7. 
defoliaria) and various other species the wings are completely lacking (/• €• 
pi. 122). The wings of the males are of full size throughout (Meyrick, and 
South, /. c.). Now here is a case of evolutionary change of the adult form, 
and in one sex only ; but, with these facts before him, and with our knoa*- 
ledge of the origin and breeding of similar mutations in Morgan’s Drosophila 
experiments, who cun assert that this abnormal adult has been added to the 
life-cycle of its normally-winged ancestors, and that the old adult has been 
pushed back” to an earlier phase of the life-history. The wingless female 
is the exact counterpart of the normal male, and, though 1 do not know if 
any change has already taken place in the pupal characters of the female, it 
is a safe deduction from our knowdedge of the pupal condition in more 
extreme cases to assert that the only changes likely to ensue will be in the 
direction of still further reducing tlie size of the pupal wings. The ontogeny 
will be influenced in the direction taken by the netv adult^ ami mthout reyard 
to the ancestral adult at all. The new adult is just a modification of the old 
adult. There is no addition, no tacking on of a new stage ; no pushing 
back” or “ tachy genesis of the old adult stage — merely a substitution of 
one adult type for another, and, sooner or later, some correlated changes in 
the stage which immediately precedes it. Zygotic mutations have caused the 
changes; natural selection has controlled the breedings of successive 
generations ; and heredity has perpetuated the results of the selection. 
Certain ancestral adult characters are disappearing from the ontogeny ; and 
the condition of a flea, ontogenetically, as well as finally, without a trace t/t 
wings at any stage, is likely to be the end result. 

11. I have selected this example, not because ii is representative dt all 
evolutionary changes that manifest themselves in the final stages of onto- 
geny^ but because of its bearings on the most recent exposition of the theory 
** Meyrick’s nomeiidatare (189Q; EngHth names and figures in Sotttk 
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of recapitulation from the embr jolo^cal side. I have already shown that, 
in its original and general sense, recapitniation is a fact which was recognised 
long before there were any theories to account for it. But this generalised, 
or Meckelian, recapitulation needs to be clearly distinguished from the 
specifically adult recapitulation of Haeckel and his school, who could not 
understand the origin of the former except on a theory of catenary ancestral 
inheritance, each term in the ontogeny (except the last) being moulded after 
the likeness of a specific adult ancestor — though, of course, condensed, 
abbreviated, telescoped, and secondarily modified by adaptive changes. Now, 
the only way that I can see of establishing this theory by purely embryo- 
logical methods, is to show that the penultimate stage of the ontogeny of 
a given type of adult resembles the iSnal (adult) stage of the ontogeny of 
■some theoretically ancestral type more closely than it resembles the corre- 
sponding penultimate stage of the same, and similarly with regard to the 
antepenultimate stage, and so on. I cannot find that this has been done, or 
•even attempted, in any case — certainly not in any of the cases recently 
selected by MacBride for discussion. Yet this is his thesis ; •* When we 
assert that a Metazoan recapitulates in its life-history the past history of the 
race or stock to which it belongs, we mean that the stages intervening 
between the egg and. the adult form resemble in some of their prominent 
features the adult animals which belonged to the same stock at different 
•epochs in the past history of the race^* (1917, p. 425) ; and he is concerned 
•to show both that the adult stage of the ontogeny of a new species is an 
addition to the ancestral ontogeny (1914, pp. 23, 650), and that the adult 
atage of the ancestral ontogeny is reproduced (“recapitulated'') in the 
ontogeny of the new species as the last larval (or “ neanic stage (/. c. 
pp. 21, 22). But his method of establishing these points is merely to select 
a number of cases in which the adult deviates considerably from the normal, 
and to show that “ the young form resembles the type of the order to which 
the parent belongs and not the parental type itself" (1917, p. 428). 

Thus the young Hermit-Crab swdms freely about in the w’ater and has a 
symmetrical abdomen like that of Shrimps and Prawns'’ [but so have the 
young stages of these creatures!]; “the young Flatfish swims wdth its 
ventral edge down and its dorsal edge up, and has an e 3 'e on each side of the 
head" [but so have the young of all Teleostei!] ; “the young (‘Omatulid 
is fixed to the bottom by a stalk like other Crinoids [and their young too, in 
all probabilitv !] ; and the young American Oyster possesses a foot like that 
■of other bivalves by which it crawls about" [and, I may-ad<l, as the goimg 
of ndarly all other Lamellibranchs crawl about ! ]. Nowhere does he show, 
or claim to show, that the young stages of any of these animals resemble 
the adult more ehiely than the young stage of typical members of tiieir 
respective orders. He does not show it b^nse he cannot. In every case 
that he discusses*, whether the above, or the oases of the parasitic Portnnion 
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and Adheres (1914, pp. 22, 206), the young resemble the young stages far 
more closely than they resemble the adult stages of their respective “ normal’* 
relatives *. The symmetrical larva of Pleuronoctids is scarcely distinguishable 
from many Teleostean larvm of other families : it is distinct from any existing, 
or fossil adult Teleost. It is the adult Oyster which has lost its foot, not the 
young Oyster which has acquired it. It is the adult Portunion which has 
lost its legs, not the young Portunion which has acquired them by tachy- (or 
any other kind of) genesis from its adult ancestors ! These cases are all in 
the same category as the case of the wingless Moths already discussed. No 
new stage has been added to the life-cycle. One adult stage has been trans- 
formed into another, but the penultimate stages remain as before. The 
protagonist has missed his point, and the riposte is obvious. It was not hia 
task to prove that Oysters were Mollusks, that Hermit-Crabs were Crustacea, 
or Pleuronoctids Fishes. Comparative Anatomy did that long before the 
science of Embryology staked its claim. His province was to show that by 
virtue of Haeckel’s Biogenetic Law he could reconstruct the prominent 
features of an edult ancestor from a developmental stage. All he has done 
is imperfectly to confirm Von Baer’s prse-Haeckelian doctrine, that animals 
resemble one another more closely in their young stagers than in their adult 
stages f. For his own illustrations show how greatly the adult may differ 
from the larva. He has merely shown the resemblance between the larvae 
of a given class. It follows that, for all he has shown to the contrary, the 
“ typical ” or normal ” larvai, which the Pleuronectid larva resembles, 
might have grown into Cod, Mackerel, or any other type of Teleost, and 
that the adult ancestors of Pleuronoctids, so far from being “ normal,” may 
have carried themselves upside down like a Remora^ or stood on their tails 
like Pipefishes. If no more relevant evidence than this is forthcoming, 
I claim that the old Biogenetic Law of adult recapitulation is dead, and that 
Morphology is henceforth free from a delusive and cramping hypothesis. 
Ontogeny is not a lengthening trail of dwarfed and outworn gerontic stages. 
Youth is perennially youth and not precocious age. 

12. It is true that ontogeny could not exhibit its normal progressive 
differentiation of structure if evolution had always been of the type exhibited ' 
by these examples of metamorphic Insects, Lamollibranch Mollusks, parasitic 
(Crustacea, and Pleuronectid Fishes. Evolution within these groups to-day 
partakes mostly of the nature of an adaptive radiation of the various types, 
whereas the generial lines of ontogeny correspond rather with that* kind of 
evolution which "^involves morphological and physiological progress. 
Although a detailed examination of any of these various advances falls 

^ Note especially the absence of the 8th pair of thoracic limbs in Epicarid, as in all 
other Isopod larvas. 

t ‘‘In Grande ist also nie der Embryo einer hoheren Tierform einer anderen Tierform 
gleich, sondem nur ihrem Embryo” <1828, p. 220). 
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outside the purview of the present communication, the slightest survey of 
Vertebrate evolution shows a scries of triumphs over limiting environments 
of medium, temperature, space and time which has been based as much on the 
substitution of new for old organs as on the continuous elaboration of 
particular ones. When a given organ is wholly transformed in the course 
of evolution, it rarely shows traces in ontogeny of the original steps of 
its transformation (e.ff. bony scales to fin-rays, horny scales to feathers, 
lobate fins to pentadactylo limbs, pentad actyle limbs to wings). The final 
form alone is inherited and develops directly. But when originally separate 
organs are ultimately united into one organ, some stages of the process of 
amalgamation are necessarily repeated branchial arches to hyoid, 

vertebral elements to vertebnc, muscle-buds for paired limbs, anchylosis of 
liml)-bones, segmental tubules of kidney, &c.). And when a new organ has 
arisen in intimate dependence on an old organ, the old organ may still 
remain necessary for the development of the new (Kloinenberg, 1^580). 
Thus back)>()ne replaces notochord, and bone replaces cartilage in present as, 
doubtless, in past ontogeny, for the former organ or tissue is still necessary 
as scaffolding for the later one : and the constant development of gill-slits in 
the ontogeny of terrestrial V<‘rtebrates is but another illustration of the same 
phenomenon, as Sedgwick has already pointed out (1894) — for a complex 
double circulation that has been elaborated along channels deterniiued by a 
branchial circulation cannot readily depart from the phyletic stops of its 
formation. It is this formative dependence of one organ, or set of organ>, 
on another that confers on Vertebrate ontogeny its marked recapitulative 
character. 

13. But it is equally clear that the wrliole succession is explicable without 
recourse to the theory of successive adult incorporations, and that the onto- 
genetic stages afford not the slightest evidence of the specially adult features 
of the ancestry. So far as notochord and gill-slits are concerned, they make 
their appearance in the earliest larval stsiges of every animal that presents 
them, including Amphioxvs itself. Their phyletic origin is still wrapped in 
obscurity. The case is hardly different as regards cartilage, bone, scales, 
feathers, hairs, lungs, limbs, and all the other organs concerned. No example 
can be adduced of any of these organs arisUuj in an adult stage of" ontogeny. 
Until that evidence is produced, it is idle to claim that recapitulation which 
involves any of these organs is a repetition of specifically adult ancestral 
features. Moreover, it is impossible to overlook the fact that some of the 
most preguant changes in the characteristics of the higher Vertebrates are 
directly or indirectly traceable to changes in the earliest stages of the 
ontogeny. The elaboration of the brain in Birds and Mammals, and the 
development of their social and {esthetic senses, are connected wdth the inter- 
polation of the helpless chick, puppy, or baby stage in the ontogeny, which 
from the simplest beginnings has led to the development of educability and 
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preforential action in place of the limited range of reflex and antomatic 
meohaniame of more primitive types. That “ little twist of brain,” which dis- 
tingnishes one philosopher from another, is not more striking in its effects 
than are those trifling touches to the structure of the heart which transformed 
the cold-blooded Reptile and Stegocophalan into the warm-blooded Bird and 
Mammal respectively. Yet these are changes which^ however graduated 
through successive generations at the outset, were not of a character to have 
been completed, or even initiated, in any adult stage of ontogeny. They must 
have been first manifested as a series of embryonic mutations, subjected 
continuously to selective tests of their relative physiological efficiency. Age 
bears the buffets of the world, but youth regenerates it. 

14. It is, however, the palaeontologists who are the real defenders of the 
Biogenetic stronghold. With them the Law is a faith that inspires to deeds, 
while to the embryologist it is merely a text for disputation. The difference 
is striking and worth defining. When the embryologist sets up his larval 
images and worships them as prm-Cambrian ancestors, the real ancestors 
•cannot be produced to demonstrate bis folly. But the palaeontologist's aim 
is to trace lineages directly, and he is not satisfied until he has produced his 
ancestors, or at least the most substantial remnants of them. I confess that 
I have been tempted many times before to-day to attack a theory which has 
led so many of us into blind alleys, but always Hyatt’s Ammonites recurred 
to present an unanswered, and seomingly unanswerable case for Haeckclian 
recapitulation. A priori it seems, absurd that senile characters should be the 
beginnings of a line of evolution (Hyatt, 1897, p. 221 &c.), but the for- 
midable array of evidence, the wide? range of unfamiliar material to be studied, 
and, not least, our ignorance of the habits and conditions of life of this type 
of Mollusk, have all conspired to render these Ammonites to me a real obstacle. 
The following case, however, has recently impressed me with its remarkable 
analogies, and justifies me, I hope, in presenting a general argument without 
directly tackling the Ammonite problem itself, at any rate for the present. 

The curious Prosobranch Gastropod Lamellaria^ which mimics and devours 
Compound Ascidians, produces veliger larvse of a unique type known as 
JEehinospira (Krohn, 1853^ 1857). The hyaline shell first produced is dilated 
«o that it* is far larger than its occupant— ^resembling in this res{>ect the 
gelatinous house of an Appendicularian. It is coiled like the shell of an 
Ammonite, being in some species disooidal, with perfect symmetry, in others 
spiral, and in the related Oneiidiopm more simple and sac-like (Bergh, 1887)* 
The larva can withdraw himself completely, or, with his mantle-edge olesping 
the month of the shell, he can protrude a largiV 4- or 6-iobed velum, and 
swim about with it on his excursions with Wraderful grace and ease. The 
mouth of the shell is regularly extended at its margin, tike successive 
additions being marked by transverse lines of growth and gsnaeraUy by one 
or two pairs of longitadinai (spiral) rows of tubercles or spines as well. 
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Inside this raiiidly growing bouse (thereof of earlier whorls being periodically 
destroyed to make room for their snccessors), the larva secretes a second 
flatter shell (the rudiment of the adult shell) which fits his visceral hump 
and adheres to it, but is temporarily fixed in the cavity of the outer shell 
until he shifts his position, when it is carried forward — as though be were 
trying to improve on an Alnmo^ita^s arrangements by the device of a 
portable septum Now, the point of the analogy is this : that the spiral rows 
of tubercles on the outside of the shell are variable in different species, and 
that in the same individual they may go through a cycle of changes exactly 
like the progressive changes of an Ammonite. The shell may pass through 
a smooth siage, a unituberculato stage (the outer row of tubercles), a dU 
tuberculute stage (with both rows developed), a spiny stage, and lastly a 
ribbed stage, in which cross-ribs join the tubercles of the t\ro rows together. 
Unfortunately for the completeness of the analogy, EMnospira does not (so 
far as I have yet seen) present a gerontic stage, for, being only a larva, and 
usually very lively and vigorous, he quits his cage before old ago conies 
over him, and transforms himself into a torpid Ascidian-oating Lamellaria* 
I hope to publish shortly some figures of the remarkable process of ineta* 
inorphosis, of which I was lucky enough to be an eye-witness last year at 
Plymouth, as w^ell us some further details of the growth of the larval shell ; 
but for my present purpose I refer to Simroth (1885, text-fig. 5 ; Taf. xvi. 
figs. 1 & 2 ; xviii. figs. 1-2, 6-8 whose excellent figures sufficiently 
illustrate my immediate points. Meanwhile I submit (1) that the cbaractere 
of the larval shells of LamAlaria and its allies are purely cenogenetic, with 
no relationship to the characters of any adult ancestors; (2) that gradual and 
progressive changes in the shell of the same individual, from one type of 

ornament ” to another, occur regularly, and are apparently determined by 
tbe constitution, sice, and vigour of the larva under the particular conditions 
of its existence ; and (3) that different degrees of tbe power of tubercle- and 
spine-formation characterise the larvse under different conditions of existence. 

In this case, from which all specific influence of adult ancestry is excluded, 
there is no escape from the conclusion that the power to perforin these 
variously graduated operations, and tbe extent of that power, are essentially 
functions of the xygotic constitution, though there is a considerable margin 
for the direct influence of conditions. I conclude that, if ibis is so for the 
** cenogenetic larvae of Lamellaria^ it is not likely to have been different 
for the palingenetic ” stages of Ammonites. 

15. I return to the keynote with a direct comparison between the ontogeny 
and phytogeny of an animal in which the skeleton has been an important 
index of racial structure throughout geological time — the Crinoid Antedotu 

* The twe shells Gorreq^odi to the two of an ordinary Molluscan shell, dislocated 
from their original unioo. The outer or larval shell, corresponding to tbe priamatio layer,, 
is formed by mantle-edge alone | the inner or adult shell, corresponding to the nacreous 
layer, is frurmed by the visceral surface of the mantle alone. 
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In selecting this type from the few that fulfil the necessary conditions, I have 
naturally not overlooked the fact that in the two most doughty advocates of 
HaeckeFs law in this country, wo also possess two of the foremost experts in 
Echinoderm embryology and Crinoid palaeontology respectively. If I err in 
my selection, or statement^ of facts to be brought into prominence, they will 
know, I think, that it is from inadvertence and not from intention. The 
test of palaeontology cannot, of course, be brought to bear on the origin of 
the stalked condition, or at present, at any rate, of the primal torsion of 
the internal organs of Echinodermata ; bat I regard it as established by the 
form-sequences which Bather and his colleagues have traced, that radial 
symmetry was imposed upon the skeleton of an original pear- or sac-shaped 
body by the extension of superficial food-grooves leading to iho mouth from 
food-collecting tentacles — a view which I understand is shared by MacBride 
(1911, p. 248). The hypothesis that Oystoid, Blastoid, and (h-inoid w'ere 
euccessive and inde{)endent offshoots from an unknown stock that lacked a 
skeleton seems to me to involve the negation of precise morphological evidenco. 

Accepting as ray basis Bather’s masterly sketch (1900) of the jdiyletic 
classification of these groups, and bearing in mind his own cautions (/. c, p. 1 38), 
as well as the slendernoss of the geological record of Permian and Triassic 
forms, the main outlines of the adult ancestry of Antedon cannot have 
deviated far, I think, from the following sequence (the Homan numerals in 
brackets refer to certain figures of special significance in Bather’s work) : — 

{?) PrsB-Oambrian. — Prre-brachiate ancestors, first Cystoid, with numerous 
^ irregular thecal plates, then reduced and approximating to Blastoid 
regularity. Finally an immediate ancestor of (.-y sto-Blastoid structure 
exhibiting an ill-defined separation between calyx and stalk {cj\ 
Cystoidea, viii., xviii.), but with fixed pentameral symmetry and com- 
position of the firm cup, as in Blastoids*, from the Basals upwards 
[StejdianoerinuSf ii.). From such an ancestor, after development of 
arms, the Monocyclica and Dicyclica, distinguished at first only by 
the exclusion, or inclusion, of Infra-Basals in the cup (i.e. tlie position 
of the growth-zone), diverged. I pursue further only the Dicyclic 
series, and neglect the Camerata. 

Oambriaii.— The primitive Inadunate : 5 simple arms, distinct from thdi 
Clip ; disk firmly plated with 5 Deltoids (Orals), sujiporting ambulacra 
above tbeir conjoined edges (cf. Hyhocrinm^ xxxvi.). Slightly 
modified, this typo survived among Ordovician Oyathocrinoids 
(Forocrimis, Ixxxvi.) : Anal plates (X & RA) pres<jnt in the circlet of 
Radials ; Posterior Oral, the only madreporiie. 

* The stereotyped monocyclic constitution, sharply separated stalk, and late geological 
-development of Blastoids suggest that this group may be composed, in reality, of pi^do- 
penetic Crinoids, and it would he worth while to extend tliis hypothesis to some of the 
Cystids themselves. 
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Ordovician. — Dendrocrinoid modification/ Anns still non-pin nnlate, but 
dichotomously branched ; the disk now flexible by interpolation of 
small plates between Orals and lladials, but Ambulacra remain supra- 
te| 2 ;ininal. Anals as before, supporting a great anal turret (xxvi.). 
Madreporite lost. 

Silurian. — Dendrocrinoid arms forked and pinnulato (Deudrocrinus^ iii.). 

Devonian 1 Dendrocrinoids lose KA, and then X from cup {Uraphio- 
* > crinvs and Krisocrinus,Q) ; their arms become biserial ; 

.arhoniterous. j reduced and covered by stem. 

Trias. — From Grapliiocrinida^ arise Pontacrinidjc : cup (patina) shallow, 
the disk bulging up between the arms ; no persistent proximal 
coliimnal as yet ; stem cirriferous, its ossicles changing from round 
to pentagonal, with petaloid farrows and radiating ridges ; no Anal ; 
arms (again ?) uniserial. Various members of the family sw^iin about, 
and re-anchor themselves by distal cirri of stem. Obscurely loading 
to Floxibilia Pinnata, but exact links missing (cf. JJatht/crinus^ with 
bi-fusciate stem-ossicles, like Bourgueticrinida) and Antedonida*, 
figs, xlix., cxv.). 

Jurassic. — The first “Pinnata,'’ with persistent })roximal columnal and 
reduced Basals; stein-ossieles of modified Pentacrini<l or Bathycrinid 
ty[)es. AJillericrinus (no cirri) broke away from bottom of its stalk 
for swimming, the stem being slowly absorbed (lii.). ThlolVu'ricrinxu^ 
the first Antedonid, with cirriferous compound Centrodorsal, fairly 
stout sfem, and bifasciato joints of stem-ossicles. 

Lias.— A/itodon and later typos break away from top of stalk early in life. 

With this sketch of the adult ancestry of Antedon before ns, let us now 
see how it is recapitulated in the ontogeny. Certain sequences of form- 
change take place in the same order. The larva on fixation exhibits 
Successively an armless (“Cystid”) stage, and stages with simple arms, 
forked arms, and pinnulate arms respectively ; the Oral plates at first are 
co-c^xtensive with the disk, as in Blastoids * and Cyathocrinoids, and then a 
peripheral growth-zone (perisome) is established between them and tho 
Kadials as in Ordovician Dendrocrinoids ; an Anal plate appears within 
the circlet of Kadials, rises above it and disappears, as in Carboniferous 
Dendrocrinoids; the Infra-Bnsals arise separately and then fuse with one 
another and the proximal columnal, marking the change from Dendro- 
crinoidea to Flexibilia Pinnata. 

* Another Blastoid or pre-Crinoid relic appears to be involved in the abortive attempt 
cf the 5 primary tentacles to branch and grow as radial canals in the vestibulate stage, each 
peristomial tentacle (in spite of its lack of food-grooves and skeleton) representing a Jilastoid 
brachiole. If Blastoid hrachioles are homologous with Crinoid pinnules, the view that 
sample unbranched anus are primitive in Grinoids becomes untenable. 
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ow nota the disorepanoies. Bzoept possibly in the anal interradins^ 
tbera is no trace of pr8S>Cainbrian irregularity in the number and arrange* 
ment of the skeletal plates, of the earlier acquisition of radial symmetry by 
the ambulaora and its later imposition upon the plates of the calyx ; no sign 
of the derivation of the stalk by constriction of a pyriform base ; no evidence 
of the oral plates having originally formed a solid disk, above the sutures of 
which the ambulacra ran. Except for certain additional dislocations to be 
referred to in a moment, it is just as in the development of the skeleton of a 
Vertebrate limb : the number of the skeletal elements is fixed from the 
beginning (even the pattern of the stem>joints) and ontogeny reveals no signs 
of their past history — with two exceptions : the ‘migrations of the Anal plate 
and tbe composition of the Centro-dorsal. The former is a precious record 
of the change exhibited by the ancestral Dendroorinoids, when, as arm- 
structure changed and flexibility increased, the diminishing anal chimney 
(fig. iii.) no longer required a buttress in the calyx wall to support it. But 
its retention in the ontogeny of Awtedon is no proof of the normality of so 
precise a record of ancestral change : rather is it tbe exception which proves 
the rule of absence of such records. It is comparable with the useless 
notochord of the Vertebrate embryo. It has no part to play in the adult, 
because, as growth proceeds, the bases of the arms take over the main support 
of the body ; but in the larva the patina is the sole support, and, as an Anal 
plate (and a Radianal as well) was a constant inherited element of the cup 
through nearly the whole of Palseosoio time, it is scarcely snrprising that it 
should be retained in that part of the life-cycle where it is still conceivably 
useful. On the other hand, it i» squeezed out of the cup as soon as the anal 
tnbe, by remainiog small, vritbdraws any demand for its retention, and when 
the flexible incorporation of the five arm-bases in the cup sets up a counter- 
demand for strict pentameral symmetry. This demand, so far as the Badianal 
is concerned, has long since been met by the complete elimination of 
that plate from the ontogeny. *‘One thing at a time” is nature’s rule. 
Similarly the ontogenetic history of the Centrodorsal is a physical necessity 
if one plate is to be made by the amalgamation of a nnml>er (cf. development 
of vertebrse, pore-plates of Echinus, &c.) ; and tbe other recapitulative 
features of the ontogeny (arm-development &c.) are examples of other 
necessities of difierentiation, since yon cannot get 2, except by duplicating 1, 
Adult recapitulation demands that the arm-branches should extend to the 
full length of the arms (as in Gyatbocrinoids) before they reduce themselves 
alternately to the dimensions of pinnules. This they do not do. They 
the shortest route to their goal, so far as constitution, not ancestry, will 
allow tiiem. 

But tiiese disorepanoies witii phytogeny are trifles beside the phenomena 
of development of the Oral and Badial plates. In tbe whole seizes of adult 
ancestors from Oamlman times to the present, not one possessed Oral plates 
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which rested on the Dasals ; nor, if wo overlook this devolopinentul inodift- 
C’liion, did one of those ancestoi's in its a<lult condition over possess Orals 
wliich wore hinged to the liadials on the e‘lge of tlio cup, capable of opening 
and sliutting over tln^ entire disk like the valves of a trap-door (Bather, 
fig. xxxiii. ; MacBride, 1914, figs. 408-110). Where does tlie sure, frail 
“ Ariadnc-thread” conduct ns now? If no fossil evidence were avail- 
able, anyone who should attempt to reconstruct the ancestral Orinoid on 
the common einhryological assumption that tlie stalked larva of Anledon 
represented an ancestral adult stage would go inevitably astray, as many 
have done already in spit(! of pahcontological knowledge *. For the 
remarkable thing is that several existing (Jrinoi<ls possess an arrangement of 
oral valves in the adult precisely or closely similar to that of the larval 
Antedon (/folopus, l.c. xxxiv. ; H//ocvinus^ Sedgwick, 1909, fig. 209 ; Thau-^ 
mutoennusy (\*irpcntcr, 1881, pl^. iii., vi., Ivi.). The relations of the oral 
plates in Anfedon to the vestibular roof of the larva, as well as the 
temporary suppression of IladiaU, are clearly ‘‘ cenogenetic ” features. 
If a vestilmlo wa.s a feature in th(‘ developintmt of the earliest (‘rinoids, 
the oral plates must have been deposited beneath its fioor, and not in 
its roof. Their relation to the roof (which alone enables tlnun to 
apart and function as valves) is an embryonic mutation. It is, therefore, 
scarcely open to doubt that the condition of the oral valves in the adult 
Ilolflpus (and Hifoennns ?) is due to the retention of a feature that was 
jnirely embryonic, not adult, in origin, and that, in this respect, these 
interesting (hdnoids are as pa'domorphic as any IVreiinihranohiate 
Amjdiibiun. 

Thift brings me to my last point. When the common argument is urged 
that the stalked larva of Antedov ‘‘recapitulates^' the adult stage of its 
.stalked ancestors, it seems to he forgotten that -every type of IVlmatozoan, 
from pra)-('amhrian ('vstids to tho present time, must also have possessed a 
tiny fixed stage of simple structure following a free-swimming larval life, 
and that the main features of tlie skeleton must have been laid down in that, 
or a still earlier, stage of its ontogeny. It follows from what has been said 
that the modern Pentacrinoid larva of Aidedon is a modification of the 
corresponding stage of the ancestral ontogeny, not of the adult stage, and 
that the adult /hdedon is not an addition to tho ontogeny of any preceding 
Crinoid, hut just a modification of the adult phase of tlie same ontogtuiy — 
partly by loss {e.g. anal turret and plates, Oral plates, stalk, &c.), partly by 

♦ P. II. Carpenter (188*1, p. 145) compared tlie ve.'^tibiilate condition of Antedoji with 
the Cnnieratc condition of Hapioorinus (Hather, xxxv.) and the IMutycrinideD {l.c, xl.). It 
IB a toropting suggestion, especially as the (.Carboniferous Platjrcriuidte possessed bifasciatt; 
oval stem-ossicles. But these types are Monocyclic ; the relations of the “ Orals " are only 
superficially similar, and it is very doubtful if these plates are other thnii enlarged ‘‘ pro.xi- 
uial ambulacrals *’ (see Bather, pp. 127-129, and fig. xli.). 

LIMN. JOURN. — ZOOLOGY, VOL. XXXV. 
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elaboration of pre-existing structures (arms^ stem-ossicles). Nature does 
not build up a new type by addition or abstraction of “stages," but of 
organs, or parts of organs *. Moreover, when she makes a change, she does 
not do so by altering these organs, or parts of organs, when fixed or rigid, 
but when plastic and growing. In particular eases this may be late in life, 
but it is not usually so, and it is not likely to have been so with respect to 
the patinal skeleton of the Crinoids under consideration. The Anal plate 
within the circlet of Radials is a feature inherited from earliest Silurian 
ancestors. It is claimed to “recapitulate” an adult feature of those 
ancestors. I submit that no Anal or otlier plate was ever interpolated within 
the patina except in the formative stage of growth when the Radials them- 
selves were loose and unsutured. Tlio fii>t Anal plate that entered the 
Radial circlet from the disk (if that vras its origin) must have done so as the 
result of an embryonic, not an adult, imilation. Once let the towering anal 
chimney of an adult Dendrocrinoifl (cf. Hather^s fig. iii.) effect a breach in 
the wall of the patina, and the whole cup would split asunder. Nature 
underpins when it is safe to do so. She usually builds the foundation first 
and the superstructure afterwards. 

16. The following summary, omitting illustrative detail, recapitulates in 
closer logical sequence the chief points of this attempt to re-define the 
foundations of Morphogenetic Law. 

Recapitulation. 

I. Ontogeny is the sequential expression of zygotic powers of cell-division 
through simple to complex grades of cell-grouping and differen- 
tiation, 

II. Phylogeny is the procession of ontogenies along a given pliyletic lino 
of modification. It is expressed in terms of adult structure, but 
the zygotes of successive ontogenies have also undergone a parallel 
elaboration of nuclear or cytoplasmic structure, or of both, wliicb 
determines the sequence of the ontogenetic form-changes. 

III. The phyletic succession of adults is the product of successive onto- 

genies. Ontogeny does not recapitulate Phylogeny : it creates it. 

IV. An individual confronts the world before his ontogenetic processes 

are completed, and often at a very early period of his life-cycle. 
Only those individuals reproduce who have survived the ordeal of 
larval conditions. Adaptation of the larva accordingly plays a 
prime part in determining the modification of successive ontogenies. 

♦ Cf. Weismaim (1904, ii. p. 174): “. ... it is impossible to compare a particular 
in the embryogenesis of a species with a particular ancestral form. Only the stages of 
individml organs can be thus compared and parallelized.” 
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V. The life-cycle is exieiided^ not by addition of a new adult stage at the 
end of the old adult stage, but by further differentiation of organs 
or parts of organs. Old aduit characters are eliminated from the 
ontogeny unless required as temporary bases for the new characters. 

Vr. As the individual, through all the form-changes of his life-c^'cle, is an 
evolutional and functional unity, modifications manifested in his 
larval or adult phases involve co-ordinating changes in the more 
p.issive ami formative phases (embryonic, post-larval, pupal stages). 

VII. Thus, while a given ontogeny, under normal conditions, tends to 
repeat the form-sequences of its proilecessors, it is liable to changes 
in every part of the life-cycle — positively, b}' equipping the larval 
and adult stages for the changing conditions of their various careers, 

• or with greater efficiency for the same conditions, and negatively, 
by abbreviating Ihe formative processes to the uttermost. 

Vlir. The idea that form-changes in ontogeny were preceded hy similar 
changes in adult ancestry is an illusion, since adult Metazoan 
ancestors never directly gave rise to their succes.sors, but to gametes ; 
and these, blended with other gametes, ure^-o the real heralds of 
successive ontogenies. Plainly the first Metazoan was not produced 
by a Metazoan. He was the result of a Protozoan ontogeny, the 
tour (le/orre of a genius among Protozoan zygotes. The first Bird 
was hatched from a Ileptile^s egg. We can speak of earlier and 
later, original and modified, ontogtmetic processes ; but the possi- 
bility of a distinction between ancestral and ontogenetic processes 
is out of the que.<tion. All changes are ontogenetic. 

IX. In the same way the contrast between palingenetic ” (repetitive of 
adult ancestry) and cenogenetic ’’ (foreign or noii-ropetitive) 
characters, which was originally based by Haeckel on an assumed 
hereditary difference between adult changes and embryonic adap- 
tations, has lost its significance. Both types of character were of 
ontogenetic origin, and equally hereditary, but the one set arose 
earlier in the phyletic history than the other. Morphology \\ ill not 
recover exactitude of outlook until it is entirely freed from the 
liypnotic influence of HaeckePs terminology. I propose in future 
to use palieogenelic and neogenetiv when referring to ontogenetic 
processes, and palwomorphic and neomorphic when contrasting 
primitive and modified types of structure. 

X. There is a general correspondence between the successive grades of 
differentiation in ontogeny and the successive types of organisation 
which characterise the steps of phyletic progress (MeckePs 
law). This general correspondence exists because each series — the 
ontogenetic and the phyletic — was preceded and caused by the same 

7 * 



I UO PROF. W. GARSTANG ON THE THEORY OF RECAPITULATION ; 

phylogenetic series of ontogenies. The outcome of eacli success! ve 
ontogeny was an adult representative of one of the successive types 
of organisation. The last ontogeny of the whole series is the one 
under consideration. Inevitably there is recapitulation of succes- 
sive grades of differentiation, but repetition of adult ancestral 
stages is necessarily and entirely lacking. Ontogeny is not an 
animated cinema show of ancestral portraits ; but zygotes may be 
likened to conjurers playing the old tricks for the most part, and 
occasionally opening a surprise packet — nor do they always keep 
their novelties back until the end of the performance, as Antedon 
and Holopus ))ear witness. 

In other articles I propose to deal with the origin and significance of larval 
forms, and to draw attention to some further examples of the influence of 
larval characters upon adult organisation, to which T apply the term “IV‘do- 
inorphosis.” 
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On the Terrestrial Isopod KUima cfrlatum (Miers)=pMry>#/m.9<?pni, Budde- 
Lund. By Walter E. Collinge, D.Sc., F.L.S., Reaper of the 
Yorkshire Museum, York. 

(Plate 8.) 

[Head 15tli June, 1922.] 

The genus Ehnna was described by Budde-Lund * in 1885 for a species of 
Terrestrial Isopod which he named E. jmrjuirascens. The description of 
both the genus and .'«pecie.s is imperfect, and no (ignres accompany it. 

As a doubtful synonym Bu(Mc-liUnd gives the Armadillidium codainm of 
Miers, which was described and figurc<l by Miers in 1877 from specimens 
obtained at Cayenne, Frencli Guiana, South America t. 

A careful comparison of tlie description and figures, both imperfect, 
with specimens received from Mr. IJ. ll. Pack-Beresford, from the Hill of 
llowth, (.^o. Dublin, Ireland, leaves no doubt, in my mind, as to the identity 
of Miers’s species with Ihese. Ilis specific name avlatnm therefore has 
priority, and must replace that of pnri 0 urasce>is. 

Neither Miers or Buddi^Lund gave any figures of the structure, and their 
references are very brief and in sonic points scarcely accurate ; I am there- 
fore venturing to rcdescrilie and figure the genus and species. 

Mr. Pack-Beresford } figures the external appearance of this species, but 
his illustrations are not correct in all details. Yerhoeff§ has given two 
figures of parts of the exoskeleton. 

The WiaoMles insvriplus of Koch ||, regarded by Dollfus and Budde-Lund 
as a synonym of latnillei^ Aud. & Sav., was thought by Eaton If to bo 
referable to this species. 

Eluma, Budde-^Lund, 

Body oblong-ovate, strongly convex, setose, and closely and minutely 
punctured. Oephalon strongly marginatc, wdth median aud lateral lobes ; 
epistoine with sloping dorsal portion and keeled. Eyes simple, very small. 
Antennulse small, 3-jointed, terminal joint conical. Antennsp somewhat 
short, fiagellum bi-articulate. Pleural plates of mcsosoinatic segments 2-7 
slightly excavate anteriorly, ventral margin indentaio on segments 2-4, trun- 
cate on 6-7. Ooxopodite of first segment separateil from the pleuron and 

* Crust, Isop. Terr. 1886, p. 48. 
t Proc. ZooL Soc. Load, 1877, p. 665, pi. 67. figs. 3 -3 6. 

X Irish. Nat. 1908, p. 256, pi. 10. 

S Arch. f. Riontologie, 1908, Bd. ii. p. 37 L. 

II In liosenbAuer's * Bie Thiere Andalusians, * 1856, p. 422. 
f Ann. & Mag. Nat Hist 1882 (s. 5), vol. x. p. 360. 
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forming a notch on tlio posterior iimrgiii. Tolson triangular, width greater 
than the length, not extending beyond the iiropoda. Uropoda short, extend- 
ing slightly beyond the ielson ; basipoJite robust, thickened, aritero-dorsnl 
surface expanded, articulating ventro-aiiteriorly ; exopoditc flattened, ex- 
panded, laminate : eiidopodito stylirorm, tdongated. 

This genus is undoubtedly most nearly related to tlie genus Armadillidinwy 
Brandt, as is readily seen in the form of the body generally, in the sl-ructure 
of the cejdialon and its appendages, and in the form of the uropoda and 
telson. 1 1 differs, however, from Annadiliuliinn in the following characters : — 
The cephalic lohes are more fetdily developed and the episLome is koehnl in 
the middle line, and has a sloping dorsal portion, and auricula-shaped pro- 
minences above and lateral to the antennal soc*k(ds; the eyes are small and 
simple ; the jdeural plate of tin* first mesomatic segment exhibits a notcl) on 
the posterior angle formed by the protrusion of the coxopodito ; finally the 
uropoda extend beyond the telson. 

In the sloping dorsal portion of the epistomo and In tlie form of the first 
mesosomatic segment, there is a restunblance to the condition found in certain 
South African Oubarida** 

Eujma OiBLATiTM (Jiy/m). (PI. 8 . figs:. 1-12.) 

ArmadiUidiumca^latum, Miers, Proe. Zool. Hoc. LoimI. 1S77, p. tiBo, pi, t)7. figs. 

Muma purpurascenSf Pudde-Lund, Pro«p. gfon. spec. Crust. I sop. I'err. 1879, p. 0 ; 
Crust, taop. Terr. 1885, p. 18. 

„ „ Dollfiis, Ami, >Soc. Bspan. Jlist. Nat. 1H92, .xxi. p. ]ti4; ii Coii- 

grea Inter. Zool., Leyden, 1896, p. 067; M«?in. Soc. Zool. 
France, PKKi, ix. p. 

„ „ Norman, Ann. & Mnjj. Niit. Hist. 1899 (s. 7), iii. ]>. 89. 

„ „ Verliooif, Arch. f. Piontologie, ltX)8, ii, p. 371, t. 31. 

tigs. 08, 00. 

„ „ Pa(jli-Herc.<«!i)nl, Irish Nut. 1JK)8, p. 266, pi. 10. 

„ „ Pack-Peresford & Foster. Proc*. Hoy. Irish Acad. ISOl, xxix. 

(s, P;, p. 185, pi. 8. figs. *J «-6. 

Eluma cdBlatum^ Colliuge, Check-List Brit. Terr. Isop. 1917, p. 116. 

Body obloiig-ovah strongly convex, smootli and soinewlmt shiny, minutely 
punctured, clothed with short, thick setfc. Cephalon (figs. 1 & 2) strongly 
margiuate anteriorly, median lobe extending beyond the latcTal lobes, which 
are small ; epistome wit!) sloping dorsal portion and keeled in the median 
line, with auricula-shaped promitieiices above and lateral to the antennal 
sockets. Eyes siinjile, very small. Anteiinuhe (fig. iJ) small, 3-jointed, with 
three or four short sette on tho side of the third joint. Antenna', (fig. 4) 
somewhat short, 1st joint small, 2-4 almo.stsul)e(iur.l, 5th elongated ; flagellum 
biarticulate, proximal joint loss than half the length of the distal one, witJi 
fine ferminal style. First inaxilla; (fig. 5) wifli the ottter lobe terminating in 
ten spines, the first three of which are strong and curved, the 4th, 5th, and 
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(>th smaller, the 7th a long fine spine, 8th and 9th very small, 9th and 10th 
faintly denticulate, setose on the outer border of the lobe ; inner lobe pro- 
longed on the outer side terminally, with two short setose spines. Maxilli- 
podes (fig. C) with comparatively small lobes, outer lobe 3-joinled, Isi joint 
short, with two large spines, 2nd joint also with two large s[)ines, 3rd joint 
terminating in a number of spinous processes ; inner lobe with a single long 
pointed spine, and two tootli-like spines towards the inner border. The seg- 
ments of the iiiesosomo (figs. 7-9) strongly convex, sul>equal, pleural plate 
of the 1st segment fianking the cephalon« anicriorly, strongly curved, lateral 
margin thickened, posterior angle notched. Pleural plates of 2nd to 7th 
segments excavate anteriorly, ventral margin ot 2nd to 4i\i irulentate, (Itli to 
7th truncate. Uropoda (figs. 10 & 11) short, but longer than wide, oxtend- 
ing beyond the telson ; basipodite robust and thickened, an toro-dorsal surface 
expanded, articulating ventro-anteriorly ; exopodite flattened, expandeil, and 
laminate, protruding on the inner side : endopodite styiiform, longer than 
tlie exopodite, wddest just above the middle, with terminal setaceous pad anrl 
S|)inoiis seUe. Telson (fig. 12) roughly triangular, with rounded apex, width 
greater than the length, not extending beyond the pleural plates of the last 
segment of the metasome. 

Leugth 11*5 mm. 

Colour (in alcohol) a light coffee-brown. 

ffab. Hill of Howth, (,^o. Dublin, Ireland (/>. Jf. Pavk^fierest/ord). 

In the figure given by Mr. Pack-Beresford {op. cil. pi. 10) the distal 
joint of the flagellum of the antenna' is too short and no style is shown, 
whilst the pleural ]datcs of the metasome are scarcely long enough ; further, 
the last segment extends more posteriorly than is shown in his figure (r;\ 

PI. 8 . fig. 12). 

The distribution of this species is as yet only very imperfectly known. It 
w’as originally described from ('ayenne, French Guiana, South America. 
Budde-Luud * says it is “commonest in the Island of Madeira." . , . I 
have seen some from Cayenne taken by Don (lelski/' . . . “Two specimens 
taken by Professor Reinhardt in the Island of Nicobar, and deter tnined by t 
01. Krilyer under the name of AnnadiUidinm purporascens^ are preserved in 
the Museum at Copenhagen.” }. 

Dollfus § records it from many localities. He states : — “The genus Kluma 
is entirely Western, and contains only one species, E. purpurascens. B.-L., a 
woodlouse of a purple-rcd colour, remarkable for its simple eyes. Very 
abundant in the Atlantic arcliipelagos, in the C/unaries, the Azores, and 
Madeira ; it occurs again at ('intra (Portugal), and in Western Algeria, but 

* Crust. Isop. Terr. 1885, p. 48. 

t Mr. Pack-Reresford cit. p. 257) translates this described by. 

t Dr. K. Stephenson has very kindly referred to these specimens and sent mo notes f hereon. 

$ 3 Congr^s intern. ZooL, Leyden, 1895, p. 357. 
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the most curions fact about it is its range northwards to the French Depart- 
ment of Les Charentes, where it is acclimatised from Angoulime to Royan 
(very common twenty years ago in this locality, it has become much rarer 
lately), and southwards to Cayenne!” (The Cayenne here quoted would 
appear to be in France, and must not l>e confused witli Miers’s original 
locality.) The same author recoi^ls it from ( !onstiintina in the Sierra Morena 
(S})ain), and states, with reference to the record I’or the French Department 
of Les Charentes “oh il a ete certaincinent introduit,’^ but gives no reason 
for this supposition. 

Norman t records it from Madeira, where he found it “up to heights of 
between 2000 and 3000 feet.” 

Finally, Mr. Pack-Bcresford (op. cit.) has recorded it from the Hill of 
Ilowth and Portmariiock^ Co. Dublin, Ireland. 

The allied species A*, helleri^ Vcrhoeff, is from the Island of Tmeriffe. 


EXPLANATION OF PLATE 6. 

lllustratiiip’ Dr. Waltt‘r E. <Jollinge*B paper On llu* Teirestrial Loj od Eluma 

ctdaium (Miers).*’ 

Bluma calainm (Miers). 

Fig. 1. Dorsal view of the cephaloii. xlO. 

2. Anterior view of the cephalon. x 7*5. 

3. Antennule. x 110. 

4. Right anteima. 

5. Terminal portions of the inner' and outer lobes of the right first maxilla. xo(>. 

6. ,, portion of the left maxillipede. x50. 

7. Extenial view of the pleural plate of the first nieeusotnntic segment. 

8. Internal view of the pleural plate of the first mesosomatic segiiient. 

9. „ lateral portion of the second inesosomatic segment. 

10. Riglit tiropod, doraal view. 

11. „ ‘ „ ventral view. 

] 2. Last luetasomatic segment HTid telson. x 8. 

The Author desires to thank the Carnegie Trust for the Universities of 
Scotland for a grant to defray the artist’s charges. 

* Ann. Soc. Espau. Hist Nat 1892, xxi. p. 164. 
t Ann, & Mag. Nat Hist. J899 (». 7), iii. p. 69. 
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On two new T(?rrestrial Isopods from Machij^rusciir. By Walter E. ('ollinge, 
D.Sc., F.L.S., K^'oprr of the Yorkshire Muscnun, York. 

(Plate 9.) 

[Read 15th June, 1922.] 
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I. Intrddcction. 

Fdr the privil<*g[« of examining; the very interesting specimens of Terrestrial 
* Isopods here described, 1 am indebted to the kindness of my friend Dr. W- 
T. ( alinan, of the British Museum (Natural History). The material was 
collected in Madagascar in 1911 by the Hon. Paul A. Methuen. 

There is a single specimen referable to the genus AHonismts^ Dana, not 
hitherto described, remarkable for its great size; and a further very interest- 
ing new species, for the reception of wliich 1 have constituted a new gen us. 
to which I have given the name of Calmanesia in honour of Dr. W. T. C alinan. 


II. The Isopodean Fauna of Madagascar. 

Very little attention has been paid to the Terrestrial Isopods of Madagascar. 
Budde-Lund (3) has described certain species in the collection of the Berlin 
Museum. Dollfus ( 8 ) in 1889 described the Porcellio vristaUis^ placed 
by Budde-Lnnd in the genus LjfjtroUui and later in the genus Nagara. The 
same author in 1895 ( 9 ) described a further series of species, amongst which 
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there were four new species of Alloniscus ; these Budde-Lund placed in a 
new genus, IHacara^ for reasons which are not altogether clear ; there are 
certainly slight differences in the form of the uropods, but these are scarcely 
sufficient to warrant generic distinction. In 1908 (4) Biiddo-Lund published 
his memoir on the Isopoda of Madagascar and East Africa, in which he 
described and partly figured nine further ikjw species, re-des(n*ibing and 
partly figuring other known forms. No figures, however, are given of 
Perisryphops praconiifs and Armadillo horridus. According to this author, 
there are known from Madagascar thirty-two species referable to twenty 
genera. 

If, as is generally supposed, Madagascar represents a part of a great sub- 
merged southern continent, then we should expect to find representatives of 
South-Eastern and South-Western genera, hut wdicther owing to long isolation 
these forms have changed or died out, it is remarkable that the bulk of the 
known forms show affinities rather with Northern forms tlian with Soiitliorn 
ones, and they further seem to have little relationsliip with the South African 
genera. Hitherto no genus has been found peculiar to Madagascar ; the new 
genus Calmanesia^ here described, is therefore of more than usual intcTest. 
Until, however, we know much more of the fauna of this island, it is futile 
to speculate. 


III. DESciumoN OF AtLomscu/i nacj&evs^ sp. nov. 

Allonhsous, Dana. 

This genus as yet is only imperfectly understood, and the members are 
subject to a wide range of variation. It occurs in North and South America, 
India, Siam, the Malay Peninsula, South Africa, Sumatra, Java, and the 
Maidive, Haw^aiian, Nicobar, and Celebes Islands. Airhim^ Oollgo. (6) is 
a closely-allied genus from India. 

Of the twenty-one described species of Alloniscus^ seven art*, known to 
occur in Madagascar, viz.: A. alluaudi, Dollf., A. elegans, Dollf., A. (jutlatus, 
Dollf., A. tigris^ Dollf., A. hrevisj Buddo-Lund, A. pallidal us. BudJe-L., 
and A. pigmentatus, Budde-L. 

Alloniscus nacrbus, sp. nov. (PL 9. figs. 1-12.) 

Body broadly oval, strongly convex, irregularly pitted, finely sculptured 
on each side of the mesosoine. Cephalon (figs. 2 & 3) medium size^ convex 
above, frontal margin distinct, lateral lobes small; epistome slightly de- 
pressed, with prominence between the antennse. Eyes oval, dorso-lateral. 
Antcunulas (fig. 4) small, curved, and S-jointed, the terminal joint with 
a number of i>ristle-like set® on the inner side, Antennse (fig. 5) short, 
joints gradually enlarging from the 1st to 4th,5tli joint elongated and more 
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slender ; flagollum 3-jointed, with short terminal style. First maxillai 
(hg. 6): outer lohe ternrinating in four stout spines and six smaller ones, iivith 
stout setjfi on the outer margin of the appendage. Second maxillae (fig. 7) 
thin and plato-like, with terminal bifurcation, densely setose. The segments 
of the mesosome are strongly convex and finely pitted, with lateral sculptur- 
ing ; pleura] plates with terminal margin more or less truncate, posterior 
margin of the 5th, Gth, and 7th slightly produced backward. Mnxillipedes 
(fig. 8) rather narrow ; outer lobe 3-jointed, with two spines on the first joint, 
two tufts of s|>ines on the second, and a single terminal tuft on the thini ; the 
inner lobe is somewhat conical and surmounted with numerous small setre. 
Appendages of mesosome (fig. 9) stout and strongly spinous. Metasome 
comparatively small, segments 3-5 with pleural plates directed backward and 
inwards. Uropoda (figs. 10 & 11) short, extending be}*ond the telson, basal 
plate sparsely covered with sette ; exopodite sickle-shaped ; endopodite 
slender, terminating in three long sotm. Telson (fig. 12) triangular, lateral 
margins slightly rounded, apex subacute, with slight depression above. 

Length 19 mm. 

Colour (in alcohol) creamy white. 

Hah, Tamatave, Fust coast of Madagascar (Her,<ichelf tS* (Imtnn). 

This fine specie*! is the largest member of the genus yet de>cribed. Apart 
from this feature, it conforms with the essential characters of the genus. 


IV. Description of the Gencs Calvakesia. 

Galmanesia, gen. nov. 

Body ohlong-oval, capable of partly rolling into a ball. Segments of 
mesosome and metasome with a scries of long-jointed spines. Geplialoii 
with lateral and median lobes, Anteniiuloe very small, Antennm elongated ; 
flagellum 2*jointed. Pleural plates, excepting those of the first segment, 
drawn out into a long spinous process, Uropoda small and without endo- 
podites. Telson short and obtuse, not extending beyond the uropoda, 

Calmanesia methceni, sp. nov. (PI. 9. figs. 13-25.) 

Body oblong-oval, covered with elongated jointed spines. Cephalon (figs. 
14 & 15) short, slightly convex dorsally, frontal margin distinct, with lateral 
and median lobes ; seven spines on the dorsal surface ; epistome slightly 
convex. Eyes situated dorso-laterally, facets few and large, Antennubc 
(fig. 16) small, 3-jointed, middle joint very small. Antennae (fig. 17) elon- 
gated, 1st joint small, 2ud and 3rd larger, 4th and 5th greatly elongated ; 
flagellum 2-jointed, distal joint rather longer than the proximal one, with 
terminal bunch of setaj. First maxilla* (fig. 18) : outer lobe with six short 
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spines, of which the outermost is the largest and has a short, stunted tooth- 
like body at its base; on the inner side is a single needle-like spine ; densely 
setose on the outer margin; inner lobe small, with two elongated setose 
spines terminally. Second maxillae thin and plate-like, setose terminally. 
Segments of the mesosome strongly arched, the 1st with eleven jointed 
spines and the remainder with seven ; pleural plates, excepting those of the 
Ist segment, produced into long spinous processes. Maxillipedes (fig. 19) 
somewhat robust ; outer lobe 3-jointed, with two straight spines on the 1st 
joint, four on the 2nd, and one small one on the outer border of the 3rd Joint, 
which latter terminates as a blunt process surmounted by a number of set® ; 
inner lobe plate-like, with two small tooth-like spines and a single straight 
spine on the ventral face. . Appendages of the mesosome (fig. 20) compara- 
tively short. Segments of the inetasome crow'ded together, 3rd, 4th, and 5th 
each with two jointed spines in the mid-dorsal line : pleural plates greatly 
elongated, directed backward and terminating in a finely drawn out spine. 
Uropoda (fig. 24) extending beyond the telson, basal plate oval-sbaped, with 
a single appendage (exopodito) which terminates in a strong cnrved spine. 
Telson (fig. 25) somewhat triangular in shape, terminally obtusely pointed, 
with two 3-jointed s[unes and a small median papilla in front of these. 

Length 10 mm. 

Colour (in alcohol) creamy white with dark chocolate-coloured markings. 
Younger forms creamy white. 

Ilah, Forest of Folohy, East Madagascar, 1911 {Ilersvliell tV Chamin) \ 
Analamazotra, Eastern Forest, June 1911. Under rotten logs [P. A. 
Metliuen). The specimens from the latter locality are evidently immature. 

a. General Form , — This is undoubtedly one of the most handsome and 
peculiar Terrestrial Isopods known, rivalling in both form and colour any 
species hitherto described. The long-jointed spines covering the mesosome 
and metasome and the draw^n-out spinous pleural plates give the animal the 
appearance of some Coleopterous larva rather than a Crustacean. 

There is, I think, little doubt hut that the inomhers of this genus are 
capable of rolling themselves up into a ball like the Armndillidiidse. Apart 
from the fact that one specimen was found (in alcohol) so rolled up, the 
extreme mobility of the segments support such a view. 

The remarkable jointed spines on the body would seem to be a hitherto 
undescribed character in the Isopoda. I have been unable to find any 
reference to such in the literature on these Crustaceans. So far as I can 
make out from the material available, the spines first appear as small excres^ 
cences on the surface of the segments (fig. 23, a) ; these increase in size and 
later appear as ordinary spinous processes (fig. 23, b); a little later they con- 
tinue to grow, a distinct joint forming at the base of the first i)eriod of 
growth (fig. 23, r), and this continues until, with the exception of those 
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on the cephalon and telson, where the spines are 3-join ted, they become 
4-jointed, the longest measuring 6*5 mm. (6g. 21). All the spines are 
covered with minute scales like the rest of the body (fig. 22). There are 
seven spines on the cephalon, eleven on the first mesosomatic segment, seven 
on the second to seventh segments^ an<l two on each of the last three meta- 
somatic segments and the telson. 

b. The Cephalon, — This is extremely narrow from before backwards and 
slightly convex. Anteriorly there is a well-marked marginal ridge wdiich 
laterally develops into the two lateral lobes, and in the middle into the 
median lobe. Posteriorly the margin is deeply excavate, and from the middle 
tine a strong spine arises ; lateral to this there are a pair of spines on each 
side, and a single one on each side, slightly nearer the centre, in front of the 
former. All of these spines are 3-jointcd. The epistoinc is slightly convex 
dorsally and distinctly so ventrally, whilst laterally the sockets for the 
articulation of the antennse stand out as conspicuous bodies. 

1. The Kyes are placed dorso-laterally ; they are of medium size and with 
few but large facets. 

2. The Antennulo' (fig. 16) are small, and consist of an elongated basal 
joint, a tiny ring^^like middle joint, and a gradually tapering terminal one. 
At the distal eml of the third ioint and on the inner side are two blunt 
papill.T. 

3. The Antenme (fig. 17) are greatly elongated. The first joint is small, 
anti the second about two and a half times as long, the third is still longer 
and narrower, whilst the fourth and fifth arc almost eoet|ual and nearly as 
long as the second and third together. All the segments are covered with 
minute sotce. The flagellum is 2-jointed, the distal joint being rather longer 
than the [iroxiinal one, and terminates in a bunch of elongate sette. 

4. Oral Appendages (figs. & 19). — These afford very little assistance in 
placing this genus and species. The 2nd maxilla? and the inaxillipedes are 
of the usual type. The 1st maxilla? in the form of the first tooth of the outer 
lob(^ differs somewhat from any other genus, 

c. Tlie Mesosome, — The segments of the uiesosome are strongly arched. 
There are eleven jointed spines on the first segment and seven on the 
remainder. 

1. The Pleural Plates of the first segment are broad plate-like bodies with 
rounded anterior and posterior angles ; anteriorly they bound the postero- 
lateral half of the cephalon. Those of segments 2-4 arc. somewhat triangular 
in shape, the apex of the triangle being drawn out in a fine curved spine : 
the whole of tlie plate is carved, the free spinous end bending upward. On 
segments 5-7 the plates terminate more abru[»tly before the commencement 
of the spine; and they are rather flatter. 
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2. Appettdages . — ^The walking limbs are comparatively short, and of a less 
robust type than in most genera of Oniscidse. 

d. The Metasome. — ^'i’lie segments of the metasome are crowded together, 
the 1st and 2nd being scarcely visible in a dorsal view and without pleEral 
plates. Of the remaining three the last is the smallest. The pleural plates 
are of a similar type to those of the last three metasomatic segments. There 
are a pair of jointed spines on each of the last three segments. 

1. Uropoda. — The uropoda extend beyond the telson. The basal plate is 
somewhat oval in sha|)o and has a fold on its posterior side. Only a single 
appendage appears to be present, w'hich is slightly longer than the width of 
the basal plate and terminates in a strong carved spine. I take this appendage 
to represent the exopodite. 

2. Telson. — The telson is comparatively small, somewhat triangular in 
shape, and terminating in an obtuse point. It bears a pair of 3-jointed 
spines and a median papilla anteriorly an<l between the bases of the spines. 

V. Affinities. 

Tlio genus ( 'almanesia appears to be widely 8e))arated from any known 
genus, and at present we must leave it without attempting to relegate it to 
its proper position in the classification. 
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EXPLANATION OF PLATE 9. 

Illustrating l)r. Walter E. OolLiiige's paper “On Two new Terrestrial Isopods 

from Madagascar.’* 

Fig. 1. Dorsal vie^* of Allonimu nacreiu, sp. nov. x 3. 

„ the ceplialon. x 12. 

3. Anterior view of the cephalon. X 12. 

4. Left antennule. X *50. 
r>. Right antenna. X 25. 

0. Terminal portion of the inner lobe of the left l>»t maxilla, ventral view. X 80. 
7. „ „ left 2nd maxilla, ventral view, x HO. 

H. „ „ right maxillipede, ventral view*. X 80. 

9. Second thoracic appendage, dorsal view, x 2*5. 

10. Ventral Hiirfaco of the terminal portion of the 2nd thoracic appendage, showing 

spinous area, x 25. 

11. Dorsal view' of the right uropod. X 25. 

12. „ „ the telson and last metaatomatic segment. X 10. 

13. Dorsal view of Calmitnetia methunu, gen. et sp. nov. x 0. 

14. ,, ,, the cephalon. X 20. 

15. Anterior view of the ceplialon. X 20. 

10 Left antennule. X K). 

17. Right antenna, x 20. 

18. Terminal portion of the inner and miter lobes of the right 1st maxilla, ventral 

view. X 80. 

19. Terminal portion of the right maxillipede, ventral \iew, x 75. 

20. Second thoracic appendage, din'sal view', x 20. 

21. Jointed spine from off the niososonie. X 20. 

22. Portion of same, showing the scales, x 80. 

23. a-d. Stages in the development of one of tlie jointcMl spines. 

24. Dorsal view of the right uropod. X 50. 

25. Terminal segment of the inetasome and telson, seen from the anterior, x 20. 

The Author desires to thank the Carnegie Trustees for the Universities of 
Scotland for a grant to defray the artist's charges. 
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On the Month-parts of tho Shore Crab. By L. A. Borradatle, Sc.I). 
Fellow and Tutor of Selwyn College, (Cambridge, and Lecturer in 
Zoology in the University. (CoiuniunicatGd by Professor E. S. 
Goodrich, M.A., F.Il.S.) 

(Plates 10. 11.) 

[Read 6tli April, 1922.] 

T. 

The organs which stand about tho month of a Decapod Crustacean make up 
a (?oinplex as intricate as any that is to be found in the Animal kingdom. 
They are also extremely irnporhint to their possessor, for without them the 
animal can neither feed nor breathe, and to one of them falls, at least in 
many cases, tho duty of keeping clean tho indispensable organs of special 
sense. Yet they are at present but little understood. 

In a study upon the (^mmon Prawn, published in 1917 (5), I endeavoured 
to solve the ]>roblem which tho morphology of these organs presents, and 
made a .beginning with the investigation of tlieir working. This paper 
contains an account of sonu' obserA’atious upon Cannnus mwnas^ a species at 
the other end of tho decapod series. 

The term “mouth-parts^^ denotes, in tho t^rab, a number of organs which 
stand upon the under side of the body, in the region which is boundetl behind 
by tli<‘ anterior edge of the inas> of fused postoral sterna, at tho sides hv the 
edge of tho iiiturned carapace* where this encloses the exhaleiit passage of 
the gill-chaiiiher, and in front hy tho fused antennal and mandibular sterna 
(opistoine). The sterna of the maxillularv to second inaxilli|)edal segments 
inclusive are more intimately united with one another than those of the legs; 
and they form a mass, roughly triangular with the apex forwards, that 
stands out steeply from an area, in front of ami hesiilo it, which is covered 
hy a thin cuticle supported upon the jueces of the endophragmal skeleton. 
It is upon this area that the mouth-parts are inserted. They are : the six 
pairs of limbs from the mandibles to the third maxillipeds inclusive, the 
upper lip or labrum, the *ower lip or metastoina, and the fleshy opening of 
the mouth itself. 1 propose to describe i'n succession eacli of these parts and 
its movements, and then to discuss the functions of the complex as a whole. 


IL 

1. The Third Maxilltped is built upon the plan of the legs. This statement, 
by a phenomenon often seen in serially homologous structures, is true even of 
features — such as the fusion of the basis and ischium and the nature of the 
articulation of the joints — which cannot be supposed to have existed in the 
scliizopod ancestor whose thoracic limbs were not diflcreiitiated from one 

8 *^ 
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another. The limb is a broad structure, flattened in that direction which is 
morphologically antero-posterior, and widened from side to side. In what 
may be called the non'mal position it is turned forw’ards till its wide plane 
passes the horizontal and slopes a little upward in front. In this position it 
meets its fellow on the middle line, and the two form an operculum which 
almost wholly encloses the mouth-field, abutting l)ohind on the sterna, at the 
sides upon the edge of the carapace, and in front upon the epistome save in 
the middle, where a gap is left through which the gill-stream can flow even 
when the operculum is most tightly closed. Each third maxilliped artivu- 
lates ventrally with the hinder angle of its sternum, and dorsally (anteriorly) 
with the epimerite of its segment. 

The co»ra is of oval transverse section. Its proximal rim bears on the 
under side the knob wdiich makes articulation with the sternum, where it is 
received by a saddle-shaped hollow between two processes. Adjoining this 
is a facet on the median surface of the joint, which works against the 
external (antero-lateral) face of the sternum. On the dorsal side the rim 
bears a socket w^hich articulates with a correspondingly shaped process of the 
epimerite. On the outer side the coxa has a bnckw'ard-curving flange, to 
which, by a flexible suture, is hinged the qnpodite. This organ has a stout 
base, which bears on the dorsal side the small podobrancb,and a long, blade- 
like process which, diving under the edge of the branchiosiegite, enters the 
gill-chamber and passes between the posterior artfarobranch of its own limb 
and the anterior nrthrobranch of the cheliped, to lie between the gills and 
the side of the body. The whole organ, and the flange upon which it is 
borne, is spirally twisted, so that, starling in the horizontal plane in wdiieh 
the main pari of the limb lies belowr the mouth, it ends in a vertical plane 
against the flank. The flange and the base of the epipodite stand in that 
gap, botw'een the anterior face of the coxa of the clieliped and the brancliio- 
stegifce, which is tlio anterior inlialent opening of the gill-chamber; and their 
twisted shape hears such a relation to the opening that when the maxillipcds 
are in the norniiil position they lie across it and almost but not quite close it, 
but when the maxillipeds are divaricated, tlie epipod^tes lie in the midst of 
the opening, with their flat sides parallel to the stream, to which they offer 
little opposition. The part of the opening which is covered when the 
maxillipeds are approximated is the anterior. The extent to which the 
hinder part remains open varies .with the position of the cheliped. 

The lasts and ischium are fused, though traces of their junction usually 
remain in the form of a groove. By this it is shown that the basis js a small 
region which in width makes the transition from the stout coxa to the flat 
ischium, and in position fills a triangular gap between them, due to the hot 
that the ischium is displaced to the median side of the coxa. The free (median) 
edge of the basis abuts upon the edge of the sternnm, and continues the 
contact made by the facet upon the coxa. On the outer side the basis bears 
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the exopodtte. The stem of this is a long, narrow, flattened structure, directed 
forwards between the endopodite and the branchiostegite, and bearing at its 
end a flagellum which is directed inwards above the mei us towards the middle 
line. The flagellum consists of a basal joint, and a many-jointed lash, 
curved with the concave side forwards. The exopodite stands at the junction 
of basi-ischium and coxa, and besides being articulated to the former is 
attached by membrane to the latter. 

The ischium is an oblong, roughly rectangular, and very flat joint, which 
makes nearly half the total surface of the limb. It is succeeded by the merus, 
a flat, subquadratc structure, stouter than the ischium and tilted a little 
outwards upon the latter. Owing to its stouter form it has a median face in 
place of an edge, and upon this face, which is hollowed, is set the carpus. 
That joint, with the two which succeed it, forms a subcylindrical, tapering 
palp, which can be stretched out so as to be roughly in line with the axis of 
the basi-ischium and merus, but in the normal position is folded back against 
the hollow face of the merus. In this position the palps All the gap which 
would otherwise be formed by the outward tilting of the merus, and thus 
complete the operculum. 

As has been mentioned, the mode of artieulation of the joints is that which 
is found in the logs. At the proximal end of each, the rim of the hard 
cuticle is raised, at tw^o points on opposite sides, into articular processes 
which, bridging over the arthrodial membrane, play against corres[)onding 
surfaces on the distal rim of the preceding joint ; and these articular 
surfaces are so shaped as to limit the movemout of the distal of the two joints 
to a particular direction. Since, liowever, this plane is a different one in each 
joint, the limb as a whole lias a good deal of mohility, though owing to its 
shape and position the third maxilliped is less freely movable than the legs. 
I have not thought it necessary to give details of the articulations of the 
several joints, but particulars of the movements they permit will be found 
below. They are modifications of those of the segments of the legs. 

A remarkable feature of the third maxilliped is the way in which it is 
completely outlined with hairs, set along the edges of its flat surfaces. Most 
of these hairs are feathered in one wjiy or another. They, are short where 
the edge is, in the normal position, apposed to some other structure, but long 
on that part of the anterior (morphologically external) edge of the merus and 
carpus over which the gill-stream flows. Along the median edge of the 
ischium there run on the lower (ventrally-facing) side two narrow parallel 
bands of hairs with a naked, convex strip between them. These hairs are 
stout, with a close, stiff feathering on all sides. The actual edge is finely but 
bluntly toothed. On the inner or dorsal (morphologically anterior) side of 
this joint there is a row of hair-tufts near the median edge, and a rather 
sparse band of hairs near the outer edge# The dorsal side of each of the last 
three joints is covered with long, and stiff, serrated bristles. The epipodite 
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is fringed on both edges with long hairs, and the ventral (hinder) surface of 
the flange of the coxa upon wliich it stands is very hairy. The flagellum of 
the exopodite bears a fringe of long, feathered hairs, many of them jointed. 
A more detailed description of the hair-system of this and otlier limbs of the 
Shore Crab is given hy Mclntosli (11). With its functions I will deal later. 

The cuticle of the third maxilliped, except the flagellum and the blade of 
the epipodite, is hard and pigmented, like that of the rest of the exposed 
surfaces of the body. In this respect it contrasts strongly with that of the 
other mouth-parts. 

The muscular system of tlio third maxillined closely resembles that 
described by IWrson (13) for the same limb of the Edible (h-ab, and I have 
not examined it further than was necessary to assure me of this fact. Each 
of the joints of the limb has a flexor and an extensor muscle, those of the 
coxa and basi-ischium arising from the endophraginal skeleton and being 
inserted by conspicuous tendons, those of I he remaining joints arising each 
from the joint preceding that upon which it is inserted. The exopodile has 
flexor and extensor muscles for the stem, which they enter from the coxa; 
but the flagellum has an extensor onl)^, and must bo brought back into the 
flexed position by its tdasticity. The epipoditc possesses muscles, bill its 
most important movements are probably those wliich it carries out passively, 
under the action of the powerful muscles of the coxa. 

The action of the flescors and extensors of the coxa is to draw the whole 
limb to and from the normal position, in w^hich its median edge meets tliat 
of its fellow on the middle line. In moving outward it passes a little 
veutrally, so that it clears the sub-branchial region of tlio carapace. This 
movement at the same time uncovers both the mouth-liold and the inhalent 
opening of the gill-chamber, and sw’eeps the epipodite under the gills, as 
I will explain later. The movements of the basi-ischium are more 
complex. They may be analysed into: (a) a mo\ement to and from the 
middle line independently of the movement of the coxa, (J) a dorso-ventral 
rotation, lik(j the letting down of a flap, (c) a rotation about a longitudinal 
axis on the outer side of the limb, like the opening of a door, (d) a divarica- 
tion of endopodite from exopodite. This latter movc^ment must be due to a 
contraction of the extensor muscle of the exopodite simultaneously with that 
of the flexors of the basi-ischium, for this bears the exopodite and tends to 
carry it in its owm direction. The other movements of this joint are more 
diflScult to understand, since they seem to take place with u good deal of 
indepcMi deuce, and the inuacular apparatus does not appear to bo adequate 
for this. Actually, they are performed together, combined into a single 
sweeping movement whose direction is decided by the form of the articula- 
tion between basi-ischium and coxa, but a compensating movement of the coxee 
can keep the edges of the two limbs together, so thut they are let down as a 
flap without at the same time necessarily opening as a pair of doors, though 
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their planes are now directed obliquely and meet venirally at an angle. The 
articulation is, moreover, not absolutely rigid, and the niovenionts may there- 
fore perhaj)s bo modified by the small additional flexor mnstde de‘^cribed by 
J^earson. The merus, of course, shares the movements with the basi-ischium, 
but it is capable of a moderate amount of rotation upon its articulation with 
the latter. The rotation is ohliquo, from within oiitw^ards and at the same 
time dorso-ventrally. Tt is not conspicuous in the living crab, but it is us(mI 
sometimes to low^or only the distal half of the oj)erculum, and sometimes to 
give free play to the movements of the jialp. The joints of that organ can 
move upon one another, hut it is generally flexed or extended rather stiffly 
as a whole. It is so articulated that in extension it moves upwarijs as well 
as forwards. Thn Hagelluin of tlio exopo<lite is flicked outwards and inw^ards 
with very great rapidity, so that at times it cannot he followed hy the eye. 
1 have already alluded to the movements of the epipodite. 

2, The ^Secotid ManUiped njsemhles the third in general plan, but differs 
from it greatly in appearance on account of the following IVatnres: — II is 
smalleiMind its cuticle is thinner. In the i'ndopodiie^ the basi-ischiopodite is 
short and its components are easily recognizable, the merus is very long, and 
both, 1 hough flat, like the rest of the limb, are narrow*. Acfiially th^y are 
narrower than the last three joints, which are more flattened than those of 
the third maxilliped. The e,vopodite is as large as that of the third inaxil- 
lipcd, and much longer than its ow’ii ondopodite. It is grooved to fit against 
the edge of the hranchiostegite. Tlie epipodite is not hinged to the eoxa, 
and a siipjmrting rod of chitin runs from that joint along its anterior edge. 
It hears a long podohranch, and its distal part enters the gill-chamher, 
passes hetwi'en its own arthrohranch and the anterior arthrohranch of the 
third maxilliped, and lies, like the epipodite of that limb, within the gills. 
The second maxilliped has the same relations to the sternum and epimeral 
re(jiou as the third, hut is not connected with them hy articulations like 
those of tho latter limb. 

The second maxilliped is not outlined with hairs like the third, but a good 
deal of long hair is developed upon it, especially on the hinder face of the 
basal joints, on the epipodite, along the outer and t(nvards tho end of the 
inner edge of the merus, at the end of each of the last three joints, and on 
the outer edge of the exopoditc. The emi of the last joint hears about eight 
very strong spines. The inner edge of the merus is not toothed, fhi the 
basal joints, and on the exopodite, the hairs are featliered. 

The mnscidatxire of the second maxilliped resembles that of the third, but 
tbe limb is more mobile. 

3. The First MasdUiped is a tliin, flat limb, covered for the nios't juiri w’ith 
delicate cuticle, from whicb the majority of the articulations have dis- 
appeared. The cowa is a short, broad region, whose entity is established by 



120 


i>R. L. A. BORRADAiLB ON THBi 


the presence, on the anterior side, of a rod-like sclerite, which runs across it 
and at its median end expands into the stout cuticle of a large, subpyramidal 
endite. The apex of this ondite is directed dorsally, towards the mouth, and 
that side of it which is opposed to the sternum forms a facet, above the 
membranous attachment of the limb. At its outer end, the transverse sclerite 
articulates with the stout cuticle at the base of the epipodite, and that in turn 
makes articulation by means of a hard process with the epimerite. I have 
net been able to find a true articulation on the inner side of the limb. The 
epipodite, which lies outside the gills, is much expanded at its proximal end, 
especially in a triangular forward lobe. A strong tendon runs along it. 
The Inisipodite is represented by a soft region distal to the coxa. It bears on 
the median side a large, flat, forwardly projecting endite or lacinia^ which 
has a curved outer and a straight median edge, and is a little concave 
dorsally (anteriorly), so as to fit over the surface of the mandible. Distally 
the basis bears the exopodite, which resembles that of the second maxilliped, 
and the endopodiie^ which consists of an un jointed shaft, flattened in a plane 
which faces obliquely outward and inward, with a triangular distal expansion, 
flattened in an almost horizontal plane and separated from the shaft by a not 
very flexible suture. This expansion completes in front the exhalent channel 
of tlie gill-chamber. Its median edge is turned ventrally and lies against 
the anterior side of the mandible. 

The limb is outlined w-ith siout cuticle^ wdiich also passes along the sutures 
between the protopodite and the exopodite. endopodite, and endites. Its 
relation to the sternal and epimeral regions resembles that of the second 
maxilliped, but at the base of fhe epipodite there lies, as has been men- 
tioned, a rather ill-developed articulation, which is not present in the limb 
behind it. 

A row of long, flexible hairs follows the outer edge of the exopodite, the 
distal and inner edges of the endopodite, and the outer edge of the large 
endite. On the inner edge of this endite the hairs are more numerous, 
shorter, and rather stouter. The proximal endite is covered with long hairs, 
all directed towards the mouth. On the exopodite, the inner edge of the 
endopodite, and the outer edge of the large endite the hairs are feathered. 

Flexor and extensor muscles of the coxa move the limb as a whole. The 
exopodite has a musculature like that of the third maxilliped, and the 
endites have muscles of their own. The opipotlite has a system of three 
powerful muscles. 

The limb can he moved to and from the middle lino of the body, doubtless 
by means of the muscles of the coxa. In moving outwards it also travels a 
little backwards. The large endite makes independent movements, rotating 
forward-outwards snd inward-backwards and tl)us with its edge describing 
an ellipse. Usually it moves inward-backwards towards the mouth when 
the rest of the limb is rotating outward-backwards, and thus the smaller 
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endite, which projects towards the mouth, is being drawn away from the 
latter. When the smaller endite comes forward into the mouth the larger 
endite moves away from it. 

4. The Maxilla (Second Maxilla) is a very broad limb, flattened in its 
distal parts, but with a swollen nucleus representing the main part of the 
jyrotopodite. This region bears on the outer side the large, quadrant-shaped, 
slanting exopodite or soaphognathitc, distally the roughly-ogival, peaked 
ondopodite, and internally the two cleft lobes^ representing four endites, 
which characterise the maxilla of the Deeapoda. I have already (5) sug- 
gested that the first of these endites l)eiongs to a precoxal segment of the limb, 
the second to the coxa, and the third and fourth to the basis. The first cleft 
lobe is in Cardnus reduced to a pair of narrow ribbons. The limb is covered 
with a delicate cuticle, thickened in places to form certain sclerites. Across 
the protopodite there runs on the ventral (morphologically posterior) face, 
from the junction betweem the cleft lobes to the base of the limb at its outer 
side, a raised ridge, strengthened by a sclerite which probably represents the 
coxa. At its outer end this abuts upon a longitudinal piece which caps the 
side of the swollen nucleus of the limb, and which is sutured to, but not 
definitely articulated with, the epimerite. More distally, the protopodite is 
crossed by an irregular M.shapc^d, transverse ridge, strengthened by two 
sclerites, each of the form of an inverted V, which are hinged to one another 
where they meet at the apex of the M« This appears to represent the distal 
limit of the basis. On the dorsal (anterior) face of the limb a longitudinal 
ridge, strengthened by a sclerite which roughh^ corresponds in position to 
the outer member of the M on the opi>osite face of the appendage, partly 
separates exopodite from protopodite. Uii the anterior face of the scapho^ 
gjiathite are two sheets of stout cuticle, wdth thickened edges, which support 
it and provide for the insertion of the accessory muscles. The maxilla is 
seated upon the membranous body-wall, in front of the sternum, upon which 
it docs not abut. It is attached by membrane only, except at its outer end, 
where, as mentioned above, one of its sclerites is joined by a flexible suture 
to the epinieral region. 

The hairs which in a prawn fringe the whole edge of the scapbognathite 
are here found at its anterior and posterior returning edges only. As in the 
prawn, they are feathered. The eudopodite is fringed with long, silky hairs, 
but these are feathered only at the base of the outer edge. The ends of the 
cleft lobes bear relatively short, and, for the most part, simple hairs. 

The swollen base of the maxilla liarbours a complicated and relatively 
powerful musculature. According to Pearson (13), whose account is, I think, 
applicable to CareinuSf there are in (7ancer two extensors and two flexors of 
the coxa, and four extensors” and four ‘^flexors” of the scaphognathite. 
It would perhaps be preferable to call these muscles abductors and adductoi-s 
respeotively, since they draw the limb downwards from the side of 
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the bodj’ and upwards towards it. They arise from the endophragmal 
skeleton, and are inserted on the base of the scapho;»nathite. In its anterior 
part, the scapliognathite is crossed, at right angles to its long axis, by half-a- 
dozen bands of muscle, which, pulling dow’tiwards, curve its surtace. These 
are the “accessory muscles.’^ They arise from the sclerites of the basal 
portion of the limb, and are inserted on the anterior of those which suj)port 
the scaphognathite. A feeble strand of muscle runs across the base of the 
endopodite to the second cleft lobe, but independent movements of these 
structures, if they take place at all, are insignificant. 

The movement of the maxilla consists in a flapping of the scaphognathite 
to and from the roof of the exhalent jiassago of the giU-chaiiibor. It is 
carried out in two ways, according as the current is being directed backward 
or forward. To drive the water forward, the posterior and outer end of the 
scaphognathite is smartly a[)plied (presumably by the “outtT flexors”) to 
the roof. Then the accessory muscles, which have Imhui keeping the organ 
carved, allow the flexors to l)ring the remaintler of it into the same position, 
with the undulating movement described by (iaj'stang (8). Finally, it is 
drawn downwards by the extensors, being at the same time curveil by the 
accessory muscles, so that it becomes concave towards the roof. To <li*ive 
the water backward this procedure is reversed. The bending of the scajjlio- 
gnathite which it involves is facilitated by the fact tnat the l.wo supporting 
sclerites of that organ are united by a flexible region. It seems possible 
that the function of the npiscles of the coxa is to hold firm the [>rotoi)o«lite 
when the accessory muscles contract. The lobes of the median edge of the 
limb may be seen to be drawn jiassively to and fro with each stroke of the 
scaphognathite. 

5. The Maxillule (^First Maxilla) is a small limb, flattened and curved to 
fit against the surface of the mandible, and composed of three inwardly- 
directed lobes — the inner and outer lacinia^ and the endopotlito — and an 
external basal portion which unites them. It is usual to regard the iacinia^as 
representing the coxa and basis, hut, as I have elsewhere argued (5), iho proxi- 
mat lacinia is probably the gnathobusc, or endiie of the true first segment of 
the Crustacean limb, “the ‘precoxa' or ‘pleuropodite,' wbic.li may or may not 
have originally existed as a free joint in every biramous limb, but bus now 
nearly always disappeared, either by fusion with the trunk or with the second 
joint (coxa or coxopodite), or perhaps sometimes I>y exculation." In the 
maxilla it is represented by one of the components of the first cleft lobe. 
This lacinia is narrow and strong, and curves backward and dorsally to enter 
the mouth, at the hinder end of the mandible. Its base is widened and is 
continued across the face of the limb as a ridge, covered partly with thin 
cuticle but supported by a sclerite, and projecting anteriorly. Towards its 
outer end tin’s ridge turns backwards (posteriori}^), with a suture in the 
sclerite which supports it, and dies away upon Iti© stout articular sclerite, 
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witli which its sclerite makes a narrow articulation. The second segment of 
the limb, the true coxa, is represented by the region which connects the two 
lacinise. For the most part it is covered with soft cuticle, hut its outer side 
is strengthened by a stout bar, the articular sclerite just alluded to. This runs 
along the outer side of the basal portion of the limh. Proxiinally it articu- 
lates with a hard piece upon the epiineral region ; near this it is joined by 
the sclerite of the precoxal ridge; distally it has a swelling w’ith which the 
sclerite of the basiiKnlitic (outer lacinial) ridge articulates. On this swel- 
ling stands a tuft of very long sette, which may be called the ‘‘ coxopoditic 
setm.” The outer lacinia is much larger than the inner, and its end is 
expande<l and has roughly the same sha])e ns the large distal endite of the 
first maxillipcd. Like the inner lacinia it is prolonged as a ridge across the 
face of the limb, but the ridge has no projection of it.< anterior edge and its 
sclerite makes a better articulation with the articular sclerite. Jt represents 
the basipoditn. The eudopodite has a wide base and a narrow, strap-like, 
blunt-einled continuation, separated by a suture. When the limh is in situ, 
this strap passes in a remarkable way over the shoulder of the mandible, 
lying in a notch, much as the endopodite of the mafilliile of the Prawn is 
carried in a notch on the edge of the meta^^toma. 

The inaxillulo is attached in a little depression of the body-wall imme- 
diately behiml the mandible. Like the maxilla it does not abut upon the 
sternum. It. has an external but not a median articulation. 

Besides the coxopoditio seta?, which are very long, strong, and thread-like, 
the limb bears on the outside of the endopodite a smairpatch of feathered 
hairs^ at the end of the endopodite another such patch, and on the inner edge 
of the endo[>odite a fringe of long .*5ilky hairs. The laciniap. bear on their 
free ends a mas.s of very strong spine.**, which on the tip of the inner lacinia 
are curved in the same direction as the lacinia itself. The mticle of the 
eiidopotlite and basal region is thin, but on the lacinia? and their ridges and 
the articular sclerite it is of considerable strength. 

Pearson (13) describes in the maxillule of i'ancer four muscles — two outer 
and two inner, a ‘‘flexor” and an “extensor” in each pair, the flexors 
arising from the proiogastric region of the carapace and the extenssors from 
the endopleurites of the eiidophrugmal skeleton. In Carcinus six strands 
of muscle enter the maxillule. Of these, ‘two are inserted on the articular 
sclerite, one at each end of the sclerite of the outer lacinia, and two on the 
sclerite of the inner lacinia, at the base and near the middle. This set of 
muscles appears to be adapted to move the whole ap])enduge inward and 
outward, and to rock each lacinia to and fro in an antero-posterior direction. 
There is also a hand of ntnscle running from the sclerite of the outer lacinia 
to the middle of the broad part of the endopodite. I believe that this w^hen 
it contracts pulls the lacinia forwards towards the endopodite, which is firmly 
strapped to the mandible by its narrow end. 
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The laoinise are capable of independent movement. The outer moves to 
and from the middle line and also forwards and backwards in the Itody, and 
it combines these movements in varying degrees. The inner moves in and 
out of the mouth. 

6. The Mandible is a short limb, whose proximal region or body is widened 
athwart the body of the crab and very strongly calcified. This region, 
which may represent either the coxa or preooxa, but is more probably both 
combiued, is divided into two portions which it is convenient to know as the 
“head” and the “apophysis.” The junction l^etween these is marked by 
deep notches on the anterior and hinder sides and by an oblique, inflexible 
suture which joins them. The apopl^sis appears to run deep into the body, 
but it is in reality not internal like the pieces of the endophragmal skeleton 
but an external structure, the true base of the limb, which pushes in the 
membranous body-wall till it comes to lie in a deep, close-fitting pocket. It 
presents to this pocket a convex anterior face and to the interior of the body 
a deeply concave posterior face. Uimn its edges are inserted the muscles 
which move the limb. The Acad is much deeper from before backwards than 
the apophysis, and convex ventrally. It expands towards the middle line, 
where it presents to its fellow a sharp cutting or “incisor” edge, in the 
middle of which is an obsolescent tooth. Dorsal to the cutting-edge, in its 
concavity, is a low mound, the “ molar process.” External to this, also on 
the dorsal side, is a process with an outwardly facing concavity which 
articulates with a knob on the epistome. External to the articular process, 
and still on the dorsal face of the limb, is inserted the palp, an inwardly- 
curved structure, which should be composed of three joints but actually has 
only two, because the first and second have fused. In the normal position it 
is folded back above the limb and almost hidden. The joints of the palp are 
flattened, the second more than the first. The limb articulates in front with 
the epistome, and behind is flexibly sutured to the sclerito which supports 
the metastoma. 

External to the base of the palp is a group of feathered haire. The palp 
itself is bordered- with rather long hairs, which are feathered at its base but 
stout and simple at its apex. There is also a patch of sparse hairs on the 
ventral face of the apophysis. 

The mueeulature of tlie mandible resembles that described for Cancer by 
Pearson. There are four muscles. A large outer adductor, in8erte<l by a 
broad tendon upon the outer angle of ike apophysis, arises from the subhepatic 
region of the carapace, and by its contraction must pull the end of the 
apophysis downwards and so bring its cutting-edge upwards and inwards 
against that of the other mandible. An inner adductor arising from the 
dorsal carapace is inserted by a very long tendon near the inner end of the 
mandible, which it must pull directly upwards. Two abductors, inserted 
respeolively near the outer angle and on the posterior bondw of the 
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apophysis, ivill pull that part of the limb upwards and so rotate the catting- 
edge downwards and outwards. 

The sole movement of the head of the mandible is a rotation upon its 
articulation which alternately parts the incisor edges, opening them like a 
pair of doors, and brings them together. The palp is extended and flexed, 
digging its apex into the space between the incisor edge and the flank of the 
labrum. 

7. The Metastoma is a fleshy structure which lies behind the mouth, between 
the mandibles and the inaxillules. It has two forw^ardiy-directed lobes, 
the paragnatliay which stand wide apart against the mandibles, covering the 
notches on the hinder side of the hitter between the head and the apophysis. 
The paragnatha are joined by a low transverse cushion, a little raised in the 
middle, on the Ijorder of the mouth. The whole is supported on each side 
by a sclerite which follows its base and at the end is sutured to the mandibles. 
The paragnatha contain some glandular tissue, but arc not muscular and 
appear to be moved only passively. 

8. The Labrum is a large, fleshy lobe which forms the anterior border of 
the mouth. Its base is rounded and swollen in front but narrows behind, 
where it projects into the mouth. Distally it is produced behind into a 
nose4ike process wdiich overhangs the mouth. Its exposed (ventral) wall is 
strengthened by a triangular sclerite. Its sides arc moulded to fit closely 
against the dorsal faces of the mandibles when the palps are flexed against 
them. It contains, besides a good deal of glandular tissue, much muscle^ 
notably in two longitudinal bands. Its movements are hard to observe, since 
it lias not so sharp an outline as the limbs and is only exposed ivhen the 
mandibles part, but they appear to consist chiefly in a tucking of the nose 
into the month and its withdrawal. 

9. The Mouth lies above the binder end of the mandibles. It is a longi- 
tudinal slit, which forks in front owning to the projection into it of the l>ase 
of the labrum, and behind owdng to the low median prominence of the meta- 
stoma. To it converge all the surrounding structures — the nose of the 
labrum, the mandibular palps, the inflected hinder angle of the incisor edge 
of the mandible, the inner laciniu of the niaxillule, and the pyramidal endite 
of the first maxilliped. All these are so formed as to make entry to the 
mouth easy but egress from it very difficult. 

HI. 

1. The Junctions df the mouth-parts are threefold. They subserve respira- 
tion by keeping a stream of water flowing through the gill-chamber and 
hindering particles from lodging u{>on the gills ; they subserve alimentation 
by tearing up the food and thrusting it into the mouth ; and one of them, 
the third maxillipeds, cleans the eyes, anteunules, and antennm. 

2, Jhe brandiial chamber of the crab is no less complex and specialized 
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than the rest of the organisation of that animal. Tii its widest sense, the 
term may be applied to the whole of the very large space that lies between 
the flank of the body and the over-arching fold of the carapace known as the 
branchiostegito, which encloses the chamber above, and without, and partly 
below. The flank itself constitutes the inner wall of the chamber. Of the 
two layers which compose the branchiostegal fold, the outer is hard and 
calcified, that which is towards the chamber is membranous. In their hinder 
region the two layers are not widely separated, and there are between them 
only blood-vessels and connective tissue; but anteriorly certain viscera 
intrude into the upper part of the fold. The hard layer of the branchio- 
stegite lies at first almost horizontal, so as to form a roof above the chamber 
and the intruding viscera. It is then turned downwards at an angle, which 
in the hinder region is obtuse but becomes more and more acute as it is 
followed forwards, to form a wall which curves inwards till it roaches the 
flank of the body above the bases of the limbs. As the angle at which this 
wall joins the roof becomes more acute, the wall faces more downwards, till 
in the fore part of the body a portion of it becomes horizontal ; there it forms 
a floor to the chamber. The shape of the chamber is of course determined 
not by the contour of the outer layer of the branchiostegito, but by that of the 
inner. This layer makes in the hinder })art of the thorax a continuous curve 
from above downwards, constituting an arched inner roof to the chamber, 
which has hero no floor properly so called. In front, howev(*r, where the 
outer wall becomes horizontal, the inner wall turns inward at an angle to line 
the floor of the chamber. In the thoracic part of the latter, the floor under- 
lies the overhanging part of certain gills w^hich project considerably above 
the buses of the limbs. In the head, it closes from below the exhahmt 
chamber shortly to be described. A number of “ dorso-ventral muscles"’ 
enable the membranous roof to be raised or lowerc<l. 

The chamber is sharply divided into two parts — a true gill-cliamher in 
the thoracic region, and an “exhalent passage’’ or “ pre])ranchial chamber’’ 
in the cephalic region. Of these divisions rhe gilMiamherU much llie larger 
in every dimension. Its inner wall is battered back so as to face upwards 
as well as outwards, and is brittle, though thin, and composed of broad ribs 
— the so-called “ (?pimerB” — one to each limb from the last leg to the second 
maxillij)ed inclusive. That which lies above the cheliped is larger than the 
rest and prominent. Tlioso behind it face a little backwards and those in 
front face forwards, so that the whole wall is convex outwards, forming a 
low, roughly half-conical mound. In front, the chamber narrows rapidly, 
its membranous roof at the same time fulling steeply to the hinder opening 
of the exhalent passage^ whore the roof is uplield, and the opening maintained, 
by nn arching, calcified sclerite. Here the roof turns forward ns that of the 
exhalent passage. This is a shallow chamber which diminishes in width as 
the carapace narrows forwards. Its inner wall has become merged in the 
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roof, so that it has only roof and floor. Shallow though this chiinnel is, the 
eflectivo depth of its entrance is lessened by a double barrier. One com- 
])onent of this is the opipodito of the first maxillipod, which, 8wee])in;r round 
on its spiral course, roiij^hly j)arallel with the epipodite of the third maxilliped 
but starting in front of the gills and lying upon their outer surface, crosses 
the portal of the cxhalent passage in such a way as to bar it from liehind and 
from outside and leave access to it only from above and from within. Since 
the wdde base of the epipodite does not merely touch the floor with its edge 
but lies flat against it, the movements by which the tail is caused to travel 
over the gills probably never separate the base from the wall of the passage. 
The other component of the barrier is the ‘‘branchial ridge” of Pearson, 
a fold of the membranous layer of the floor, parallel wdth the anterior side of 
tilt? principal inhalent opening but at a short distance from it, which fits 
betwecMi the po<lohranch of the second maxilliped and the epipodite of the 
first and helps to enable the latter to make efliectivc? contact with the floor. 
On the inner side of the exhalent passage, the edge of the branchiostegite 
does not meet the ))ody (dosely at the bases of the limbs, but leaves there a 
long, narrow gap. This is normally filial by tlie endopodite and exopodite 
of tlic first maxilliped and tlie exopodite of the s(»coml, which are moulded 
longitudinally to fit together ami against the mandible and to receive the 
branchiostegite. Kurth(»r forward, in front of the mandibh*, the liody-w'all. 
which is here the hinder part (endostome) of the epistome, is concave, and 
so falls away ^lorsalv^ards from the branchiostegite ami widens the ga]>. 
Thus is formed the exhalent oj>enhuj. It is bordered behind, and contracted, 
by the expanded eml of the endopodite of the first niaxillijied, and discharges 
forwaids and towards the middle line, so as to direct the cniTent of its side 
to the antenna and eye ot the Opposite side. 

Th<? ijiUs of Carcinua are nine on each side. 'J’he second maxilliped has a 
jiodohranch and an arthrobranch, the third a podobramh and two arthro- 
hranclis, the cheliped two arthrobranclis, and the first and second walking- 
logs each a pleurobranch. Each gill is a tapering structure. Exccjit the 
poJobranch of the second maxilliped, which lies horizontally and is directed 
backwards at the bases of the maxillipeds in front of the j)rinci})al inhalent 
opening, the gills are turned ujjwards and inwards, and He againsl the inner 
walls of the chamber, converging to its highest j)oint, just before the roof 
falls in front. They are closely applied to one another and separate a 
shallow “ hypobrauchial space” against the inner w'all from an “epi- 
hranehial space ” under the braiichiostegites. The gills arc phyllobranchs. 
Each of them, save the arthrobranch of the second maxilliped, is heart- 
shaped in transverse section, owdng to the fact that the leaflets project as 
lobes above the axis but die into it below'. Thus it comes about that where 
two gills lie side by side there is between them on the under side a “ liypo- 
branchial channel,” and above each of them is an epibranchial channel ” 
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along the axis, between the leaflets. The arthrobranch of the second 
maxilliped has leaflets on the posterior side only, the anterior side, which is 
applied to the wall of the chaiTil)er, being flat; but along its edge an 
epibranchial channel runs as a gutter. The hypobranchial channels are part 
of the hypobranchial space and are in communication with one another 
under the gills, especially at the bases of the latter, which are there a little 
arched, leaving a longitudinal corridor in which lies normally the epipodite 
of the third maxilliped. The epibranchial channels are part of the epi- 
branchial space, and will communicate over the gills unless the roof be 
lowered on to the latter. At the hinder end of the chamber there is a space 
which contains no gills. This space is very shallow and in it lies the 
enigmatical told of the body-wall known as the “ pericardial lobe.’* It is 
shielded from the current entering over the last leg by a ridge which, as I 
shall presently show, directs the water forwards and downwards, and it 
probably ))lays no important part in the circulation of the water about the 
gills. The branchiostegite fits closely against the bases of the gills, which 
are flattened back to receive it. Above most of the rest of the surface of 
the gills the epibranchial space is probably ns a rule deep enough to allow 
the epipodite of the first maxilliped to play freely, but by the action of the 
dorso-ventral muscles varies in depth from time to time owing to circum- 
stances of which nothing is known, and which may be related to other 
functions than respiration. At the anterior end of the chamber, where the 
arthrobrancbs of the third maxilliped and cheliped face ])artly forwards 
towards the roof as it falls to the opening of the exhnlent channel, there is 
a deeper part of the cavity. Since its roof is flexible like that of the rest of 
the epibranchial space, it is possible that this does not always exist, Int I 
have alivays found it, and 1 believe that it is kept in being, in its lower part 
at least, by the attacbinent of the roof to the arched selerite that I have 
mentioned. It slants downwards, forwards, and outwards to the opening of 
the exhalent channel. From it water must be drawn by the action of the 
scaphognathito into the exhalent channel, which, as I have shown, cannot 
receive water from the region directly behind itself. Thus the water from 
all parts of the chamber must pass through this space, and, though it is not 
sliarply defined from the rest of the epibranchial space, it may be dia* 
tingnished as the collecting space.^^ 

The gill stream The water which bathes the gills normally makes entry 
under the edge of the branchiostegite in the tlioracic region and leaves in 
the same way in the preoral region. According to the classical account of 
this process, given by Milne-Edwards (12), the entry of the water takes place 
only by an opening which lies in front of the coxa of the cheliped and 

* It was not till 1 bad written the paragtapbs on this subject that 1 saw the paper of 
Mr. B. K. S. Lim, published in 1918(10). As my work extends as well as coufirms 
that of Mr. Lim, 1 have left unaltered what 1 had written. 
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external to that of the third maxilliped. Other authors (Bell (1), Giard (7), 
Bohn ( 2 , 4 )) have stilted that the water enters above the legs along the whole 
length of the carapace behind the third maxilliped. Pearson, however (13), 
finds that in Cancer entry is made principally by an anterior opening, which 
is that of Milne-Edwards, and secondarily by a posterior opening above the 
last leg, but not between these apertures. An examination of the structures 
which atljoin the edge of the carapace in Carnmis shows (1) a rcdatively 
large opening in the position indicated by ]\Ii]ne-Ed wards, (2) a smaller 
opening above each leg, the chclipod included. The openings abov(‘ the first 
ihre*' walking-legs are separated from one another by meetings between the 
prominences upon the flank wdth which the legs articulate and corresponding 
prominences of the branchiostegal edge. They are longihidinal, and slit-like 
but well formed. That above the last leg is very narrow, and imperfectly 
separated from the one in front of it ♦, and that al>ove the cheliped is separated 
from tlie opening of Milne-Edwards only by a close fitting of the hrauchio- 
stegito to the coxopodite when the limb is turned forwards. Access to each of 
the openings above the legs is obtained principally between its coxopodite and 
that behind it, and by moving the leg Iwickward and upward the crab can 
almost close it, though at tlie same time the a[>proach to the orifice above the 
leg next in front is more widely opened. A largo hairy tract on tlie under 
face of the branchiostegite has no doubt the function of flltm-ing the water 
which is drawn through it towards the inhalent openings, and es])ecially that 
of Milne-Edwards. It rises into a long fringe around a liare patch when' the 
cheliped lies against the branchiostegite, and is there mot by fringes on the 
l)ordors of the cheliped so as to form what is probably a very ('flicient guard 
for Milne-Ed wards's opening. Along the edge of the branchiostegite another 
long fringe forms a similar protection for the openings aljove the legs. By 
placing with a pipette against each opening a little carmine suspended in 
sea-water, it may bo seen that water enters at all of them, even wlieii the 
third inaxillipeds are opposed so us partly to close with their epipodites 
Milne-Edvvards’s opening, and that the water from any opening takes a little 
longer to reach the exbalent orifice than that from the openings in front of 
it. AVhen the third maxilliped is divaricated from its fellow, so as to open 
widely -the aperture of Milne-Edwards, water enters there more freely, 
passing forwards as well as backwards^ since the anterior side of the opening 
is now uncovered, and bathing very copiously the podobranch of the third 
maxilliped, which has been drawn backward into the full stream. That 

• The crevice above the last leg is continuous with that between the hinder edge of the 
carapace and (he first abdominal segment. Narrow though this opening is, the state of the 
hairs which line it shows that a little water enters it. No doubt this water flows both 
ways towards the two gill-chambors. The occasional presence of a little mud in the middle 
chamber which is connected with the hinder crevice of the carapace proves tliat water must 
enter it also, though probably it does not there perfom any important function. 

UHN. JOURN. — ZOOLOGY, VOL. XXXV. U 
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podobranch may thus have a greater physiological importance than its size 
would suggest, though it seems doubtful whether in its more isolated position 
the water would be drawn between its leaflets. The divarication of the third 
maxilliped also exposes an opening between it and the limb in front of it 
which lielps to admit water to the fore part of the chamber. 

I'lie covrse of the water within the ffill-^chumlter is more difficult to follow, 
but there can he no doubt that on entering, it passes umler the gills, that is 
into the hypobranclnal space, then comes outwards between the gill leaflets 
into the epibranchial space, and finally flows by way of the colleeting-spacn 
into the exhalent passage. Thai practically all ihe water which enters the 
gill-chamber takes this course, ami does not pass directly from the exterior 
to the epibranchial space, I am coininced by the following considerations : — 
(1) It is exceedingly unlikely that the blood in the leaflets of the gills is 
exposed to the stream of water only on their edges, and that their flat 
surfaces are dependent on eddies or diffusion for the renewal of the water in 
contact with them. (2) When carmine is caused to enter through any of 
the openings it is found princi])ally, and the large particles arc always found, 
underneath the gills. (3) The disposition of the parts is such as to suggest 
that the current flows in the direction that 1 have described. From each 
of the openings behind that of Milne-Edwards the shortest route to the 
exhalent passage loads under and through the gills. If there w'ore a wide 
space between the gills and the border of the branchiostegite, the resistance 
due to friction with the leaflets might cause the water to])ass over the gills, 
but actually the branebiostegite fits, as has been said^ close against the gill- 
bases. In front of the clicliped the relations of the parts are different. 
Here, when the third maxilliped is in its normal position, its coxa and 
epipodite bar the passage of ilie \^ater forwards and direct it inwards under 
the gills; but when the maxilliped is divaricated, the shortest route to the 
inhalent channel would be, w^ere it not for the harrier formed by the 
epii)odite of the first maxilliped, directly forward. It would then pass partly 
through the podobranch of the second maxilliped, but in gr<‘at part l)ctwe(‘n 
that structure aiid the floor of the chamber or the bases of tlio olhor gills, and 
would not be distributed lo the latter organs, which lie above the direct 
course. Actually, however, the existence of the barrier menlioned must 
prevent the water from htdiig chiefly drawn in this direction and cause it to 
circulate through the upper gills. That the whaler does actually take the 
route through the gills can easily be seen by cutting a wiiidow in the floor 
of the exhalent passage and placing carmine in Milne-Edwards^s opening. 
The carmine will be found always to pass under the gills and to reappear 
above the scaphognathite, not to take the direct route. 

The water which enters above the first and second walking-legs flows 
forwards and inwards along a shallow gutter hollowed on the epiinerite tillH 
reaches the entry of a hypobranchial channel between the pleurobrunch of its 
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leg aipl the gill which adjoins it in front ; and through this it passes into the 
hypobranchial space. The water wdiich enters the opening behind the 
cheliped flows similarly forward over the arthrodial membrane, which is 
shaped to provide a kind of duct for it, to the entry of the hypobranchial 
channel between the anterior urthrobranch of the clieliped and the posterior 
arthrobranch of Ihe third maxillipod*. At this very large portal of the 
hypobranchial space it meets the water from Milne-Ed wards’s opening. 
From that aperture the curreut passes, when the third inaxillipcids are 
opposed, obliquely backwards through the portal just mentioned, though a 
little may stray forwards to pass hotwoen the arthrohranchs of the third 
maxilliped. AVhen, however, the iiiaxilliped is divaricated ami the opening 
thus fully uncovered, water passtis also to the channcl.> between the arthro- 
hranchs of the third and second maxillipods, and to the podobranchs of those 
limbs. The water which enters the opening bidiind the last leg is prevented 
from flowing directly forwards hy a ridge on the epiinoral region, passes o\er 
the articulation of the last leg, which is not prominent like the others, joins the 
stream which enb'rs between the last two legs, and reaches the hypobranchial 
s|)ace hy f»assing forwanls through a definite entrance forme<l by the. shaping 
of the hinder loaflc'ts of the last gill at a s]>ot near ils base and at the end of 
Ihe longitudinal corridor mentioned above. The arrangements may be 
summed up by the statement that the water which enters over each limi) 
passes into the hypobranchial space by an opening Ixdween its gill and the 
gill of the limb in front of it, except that most of the water entering above 
the third maxilliped ]aisses behind its gills. 

In mvh ht/pohranrhial cAau/tW, the water flows, I believe, u[)wards, mingling 
to some extent under the gills with that in the adjacent channels, and 
diminishing as it goes by loss between the leaflets of the gills tt) the 
epibraiichial .«»i)ace, >Since this loss is hindered by friction against the 
leaflets, the water doa.s not all escape till the top of the gills is reached, and 
is thus distributed over wide a gill-surface as possible. 

Tlie course of the water twer the outer surface of the gilh presents a very 
diflicult problem. The shape of the chamber gives no convincing indication 
of the direction in which the stream gets through it, and its si/e, a.sa whole 
an<l in each part, depends upon the changing form of its roof. I can only 
offer some suggestions on this subject. 

Normally, the water will pass direct from the point at which it issues from 
between the leaflets of the giHs to the collecting-space. If, however, the 
roof be lowered on to the surface of any part of the gills, the water which 
is passing through them is probably got an ay by the epibranebial channels. 
The appearance of these structures strongly suggests that a current flows 

* The entry to the hypobranchial channel between the arthrohranchs the chelipud is 
veiy small, and that channel probably receives its water from the longitudinal corridor. 

9 * 
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along tbein. They widen from above downward, and it would at first seem 
as if the current must flow in that direction. But (1) as each channel widens 
it grows shallow^, so that its capacity is no greater, but rather less ; (2) its 
lower (5U(1 is probablj^ closed by the edge of the branchiostogite, and in any 
cjise leads to a part of the chainbor that docs not <lirectly communicate wdth 
the exhalent passage; and (3) the direction of the leaflets is such as at the 
lower end to cast the water into the channel in an upward direction. Tt is 
therefore probable that the current flo vs upwards. On the other hand, near 
the upper end the channel narrows so much that its capacity is greatly 
diminished, and here the water must be overflowing fiom it into the space 
over the gills, which is near the top of the collecting-space. The grooves 
between the convex surfaces of adjoining gills, nhicli may be knonn as 
*‘interbranchial channels,’* form a similar system. 

All the water enters the exhalent passage from above and within — that is, 
from the collecting-space. This is due partly to the fact that, as has already 
been sliown, access to the passage from behind is barred, and })artly to the 
fact that the stroke of the scaphognathite is made from below upwards, against 
the roof ; and, as has also been shown, it has the important effect of causing 
the water to flow through instead of over the gills. 

The working of the scaphognathite has already been described. The 
effective stroke is the upw^ard one, hut the fiovvnstroke must act upon the 
water which has entered the lower part of the passage during the upstroke. 
Probably the bulk of this is driven into the collecting-space and a small 
portion sent forward to the exhalent orifice. 

llie stream that isftyes from each branehiai chamber is directeil, as has been 
said, oblitpiely acros*^ the epistome lo the op})osite side of the front, and often 
it does in fact take that course. But normally it meets in the middle line the 
current of the other chamber, and the two deflect one another so that they flow 
forwards umhu' th * antennules. A further modification of the dinjction of 
the current is brought about by the activity of the flagella of the )naxillij>eds. 
Flicking to and fro extremely rapidly, these exert their force more on 
the outward stroke wdien they are drawn by their tfxtensors in the direction 
of their concavity as u cilium moves than wlien they are returning l)y their 
own elasticity in the direction of their convex sides. They not only reinforce 
the current very nolahly, hut also turn it outward, and in particular, I think, 
by means of the hairs with which they are fringed they draw away particles 
which might otherwise lodge upon the organs of special sense. 

'I he regulation of the gill^stream is brought about in tw'o ways by 

alterations in the size of the openings, and by changes in the beat of the 
scaphognathite and the exopodites of the maxillipeds. J have already shown 
how’ the flow through the anterior inhalent opening is regulated by the third 
maxilliped, and how the legs can close the openings which lie behind them. 
The size and form of the exhalent opening must also have an important 



MOrTH-PABTS OF THE SHOllB CRAB. 


i;^3 

influence on the current. The aperture h smallest when the third maxillipeds 
are closely opposed. At such times a steady stream issues i'roni the opening 
wliich they leave in the middle of the epistomo and flows forwards under the 
antennnles. When a wider opening is necessary, either to provide for a 
greater flow or to allow the current to be directed to the sid<'s of iho body, 
the operculum may be opeiU‘d in varying degrees by lowering either the ineri 
only or also the basi-ischia. At such times the form of the exhalent opening 
proper may be modified by alterations in the position of the c\[>finded end ot 
the endopodite of the fiist iiiaxilliped. 

The fvnctwn of the epijtodiies* is the cleaning of the gills. Moving to and 
fro over the gill-surface they brush it, drag over it their long, flexible, barbed 
liairs, and thus prevent particles that are brought in by the gill-stream from 
vsetlHiig there and closing the minute passages between tli(» leaflets. The 
importance of this function is shown by an observation of IVar.^on, who 
found that in a crab in wliich the epipodite of one of the first inaxillip»*d.s 
had been destroyed, the outer surface of the gills of its side was covered with 
a layer of fine mud. In one of my crabs there was a similar deposit of tine 
sandy particles. In this ease the epipodite was intact, hut I have no doubt 
that it was in some way jiaralyzed f. 

Hy an ndniirahle mechanism the three epipodites^ between them, reach 
almost every part of the gills. The epipodite of the lirst maxilliped lie> 
above the gills and sweeps their outer surface. Tt is prohahly moved more 
liy the action of its own [lovverful muscles than by the excursions of the 
maxilliped as a whole, which are not extensive, and if they were so would 
interfere with the other functions of the limb. This epipodite is very flexible, 
and, doubtless by the action of its muscles, it i.s kept closely ajiplied to the 
rounde<l surface of the gill-mound while it swings upwards and downwards 
over the gills, describing an arc with its tip. In an almost vertical position it 
stands against the forward face of the mound. The epipodites of the second 
and third maxillipeds lie helow' the gills and sw^eep the inner surface of the 
latter. Both are stiffer than that of the first maxilliped. The principal 
movements of each are probably those which it undergoes jiassively with the 
coxa of its limb. These tiiovements can easily he imitated upon a dead 
specimen^ and they must occur with each of the excursions wdiicli the limbs 
are constantly making in life. The epipodite of the second maxilliped lies 
on the anterior, forwardly-facing region of the inner wall of the gill-chamher. 
When the maxilliped swings outwards, pivoting on its attachment^ the 
epipodite makes a corresponding inward movement over the face (»f the 
thoracic wall^ sweeping the inner surfaces of the gills that stand there, wilh 

* The epipodites of the first and third ibaxillipeds have abo the passive function of 
directing with their bases the coarse of the currents in the way that I liave already described. 

t Since the foreign matter was abow the gills, it had presumably been hrouglit in dining 
reversals of the current. 
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which it is almost or <]uito in contact. As the maxilliped returns, the 
epipodite is drawn back to its former position. The opipodite of the tliird 
maxillipod reaches over the epiineron of the clielipiMl to lie against the 
posterior region of the inner wall. When tlie inaxilliped is in the normal 
position the epipodite lies in the longitudinal corridor at the base of the gills. 
If the movement of the limb were simply oiilw'ard, an<l if the epipodite were 
not hinged to it, Ihe eflect of its divarication from its Icllow would be merely 
to press the cpi|)u(lite more firmly inward against the wall above the bases 
of the gills, with which it would therefore tend not to be in close contact. 
Actually, however, the inaxilliped, as 1 have slated above, rotates downwards 
as well as outwards, and thus moves its epipodite iipwanls over the flank of 
the body, while the movement presently brings the stout base of the opi)»0(lito 
against the articulation of the cheliped, and this oj>j)osition flexes it at its 
hinge and directs it outward as well as upward. Tims when the inaxilliped 
is divaricated, the blade of its opipodite moves upwanis and ])resse.s outwards 
against the under surface of the gills, which it swe(*ps and lifts a little from 
the thoracic wall, thereby flushing these jairts vvitli wati r. As the inaxilliped 
returns to the normal position, the base of the epii)0(lite is pressed against I ho 
arthrobranchs of the eheliped, and tlius bent hack into the longitudinal 
direction. The position of tlio opipo<lite of tlic second inaxilliped njK/ii the 
forwardly-faeing opimera makes unnecessary any such sj»ecial mechanism to 
bring it against the inner surface of the gills. 

No doubt the movements of the epipodites have the effeet of mingling and 
distributing the ^^ater in the gill-chamber while they clean Ihe gills, but it is 
not clear that this has any such physiological ini[>orlance as has been 
attributed to it. 

The rarialions of ihe aiH^siiream are a very striking featun* of tbo 
physiology of the crali. They may bo stmlied either by the carmine inetho<l 
or by watching the movements of the flagtdla of the exopotliles (»f the 
iiiaxillipeds, and, after making a uimhiW in the hraiiehiostegile, those of Ihe 
scaphogiiatliite. Since the latter metho<l studies directly the working of the 
princif»al agent, it is the nio>t instructive, tliough it is open to the obvious 
ohjeciioii that the action of the scaphognatliite is affected by the operation. 
But wlien the slioek of the latter has passed ofl', its elTeets are less serious 
than might he expected. The most remarkable feature of the action of the 
scaphognathito is its extreme sensitiveness. Any rough or sudden iiandling 
of the crab is liable to cause it to stoji — in the face of danger the creature 
holds its breath. Yet this does not always happen when it is expected. 
Other variations are brought about b^' less obvious causes. The scapho- 
gnathites work independently, and either of tliem may cease working while 
ihe other continues. Their beating changes its rate and ibroe from time to 
time iu the same individual, and diflbis in different individuals in the same 
vessel at the same time. Clearly the causes are sometimes internal : probably 
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they are often external. From some observations of Bohn ( 4 ) on the reversal 
of the stroke it would ai)j)ear that the crab is sensitive to changes both in the 
oxygen-content an<l in the carbon-dioxido-content of the \witor. Whether 
these circumstances act by altering the composition of the blood, or through 
Uie sense-organs, or in both ways is not clear. I \vould hazard a ^llrmi^e 
that the third of these alternatives is correct, and from some casual 
observations 1 suspect that the antoniiiiles ar<‘ sensitive to oxygen. ( ’hanges 
in the activities of the scaphoginithite are accompanied, ami its working 
facilitated, hy actions of the suhsidiary parts of the apparatus. Ihobahly in 
the normal, quiet breathing of a resting crab, when the water is clear and 
perfectly oxygenated, the third inaxillipedA are o]»pose»l and the flagella of 
the exopodites at rest. Most commonly, how'cver, at least in experimental 
conditions, the crab sits with its niaxillipeds lowered to some extent. This 
must have the ad\autage of lessening the work of the seaphogiiathite, when 
a eonsiticrahle >olum<‘ of water i.> being dealt with, by allowing it to get 
uw^ay with less friction ; and it also enables the flagella to be brought into 
play, both to help the scapliognathite, and to driie the current and its 
(contained particles outward, away from the sense-organs. Like the scapho- 
gnulliil(,‘, the flagella may work on t»ne .«ide only or on both at once. One, 
two, or three of them mtiy work at the same time on each .-ide, and they may 
give a single stroke or work continiumsly for long periods. The flagella of 
one siile are cuinpleinental to the seajdiognathite of the other, driving the 
current in the same direction, and 1 have not s(‘on the flagella and scapho- 
giiathite of one Mdc both at work while on the oilier side both are at rest. 
Further, the maxillipeds may he divaricated. This ailmit> more water to the 
gill-cliamb<-r, admits it where it has a relatively short di>!anee to travel and 
hence causes relatively little increase in work, and al.«o supplies a set of gills 
which are out of tlie main stream when tlie ma\illi])eds are appose.tl. 
(’hanges in the posture of the crab have also, as Bohn has pointed out, an 
eftect upon the work of the scajdiogiuilJiite. When tin* water is clean and 
w'ell oxygenated, a horizontal position is possible, Ibougli there is alwuy.s some 
upcast, at least when the maxilliped.'!' are oppo.sed. But when th»‘ water is 
muddy or foul, the vertical position is necowssary to enable rever>al of the 
current to obtain more oxygen, as wdll presently be shown. The exbalent 
opening is then often above the surface, and ^vork is heavier while the 
flow is forward. From time to time the third and second maxillipeds make 
violent. excursions outwards. This happens more frequently when the water 
is not clear, and it has the effect of sweeping tlie gills with the epipoclites. 

From time to time also, the seaphogiiathite reverses its action, and for a 
shorter or longer period draws water in at the exhalcnt opening and dri\e> it 
backward through the gills and out at the inhalent opening. This is done 
when foreign particles or distasteful substances are being drawn in, and it is 
noticeable in carmine experinieuts when the particles are too coarse. Its 
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function in this case is obvious. But it also happens at intervals when the 
water is quite clear and pure. It probably then drives out particles which 
have gradually accumulated under the gills while*' the current was flowing in 
the forward direction and which would in course of time prove harmful. 
The reversal of the current, which was first studied by Garstang ( 8 , 9 ) in 
Corijites and other genera, has been examined in Carcima by Bohn (2, 4), 
who has shown that it always takes place, Jnit varies in frequency and 
duration with the foulness of and amount of matter in suspimsion in the 
water, and that when the water is chemically foul the crab will raise the 
normally cxhalent opening to the surface so that it draws in either tlu* better 
oxygenated water of the surface or air, which passes out in bubbles at the 
opening of Milne-Edwards after oxygenating the water in the chamber. 
These results I can confirm from my own obstM vation. The crabs will live in 
exceedingly foul water it they bo ]>erniittod to raise the front of the body 
out of it, but may be aspli^xiatcd by preventing this. Bohn (4) thinks that 
the reversal of the scaphognathitc has an advantage in resting its iiiuscles. 
I am not clear that it is necessary to suppose that it has any other function 
than that of cleaning tlie chamber and enabling the animal to obtain a 
better supply of oxygen. 

3. In feeding^ the crab severs the food into morsels which it swallows 
without finely dividing them. Jt alw'uys seizes the food with the elada*. 
The third inaxillipeds then [Jart, and the food is placed by the chela* bctw'een 
the mandibles. Jf the mass of it be very bulky, one or more of t.be legs 
iiiay be brought into acHon to assist in lifting it and thrusting it towards the 
mouth. The maiulihles part to receive the food, and then close upon it. 
They do not cut it by a slicing action or chew it, but unless it be soft onough 
for them at once to sever a morsel of it by pressure, they hold it firm while it 
is being divided by the action of other organs. If the food be very soft, 
tljoy may even sometimes be seen to be held w'ide apait while it is thrust into 
the mouth by the action of their palps and of the nose of the labrum. 
Usually, however, the food (1 have fed my crabs upon various parts of the 
body of fishes and upon meat) requires the ussihtance of other organs for its 
severance. In this case it is torn by being ])ulled outwards from the 
mandibles, much as a crust may be torn by being held with the teeth while 
the hand wTcnchcs a part of it away. The outward pull is sometimes given 
by the chela?, especially’’ it the mass of food be tough, and they often keep a 
hold upon it when they do not appear actually to be pnlling ; but most often 
the work is done by the thin! maxilli|)eds, which grasfi the food by pressing 
upon it with the toothed inner edges of their ischiopods and at the same time 
press downwards upon it with tlieir palps, somewhat as the digit of a sub- 
chela is closed. These limbs do not cut or chew the food, and rarely pass 
it towards the mouth, but by pulling it outwards tear from it the portion 
which is held by' the mandibles. The second niaxillipeds work in various 
ways, and ^heir action, like that of the organs in front of them, is often hard 
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to follow bocause they are hidden by the third inaxillip(‘ds. Afbn* the 
removal of the latter, movements of the inner jaws may be o})served, but 1 
have not been able to induce crabs which have been so operated upon to 
feed and in any case their feeding would not be normal. The second 
inuxillipeds apply to the food their last joints, armed with the strong spines 
which have been mentioned. With these they sometimes thrust outwards, 
aiding the third maxillipeds or, if the morsel he small, even taking their 
place. At other times they appear to be thrusting the food inwards, towards 
the gape of the miindihles, at others to work up and down upon it, strained 
SIS it is helweeii the third maxillipeds and the mandihlcs, so as to cut through 
it. It is difficult to discover what is the work of the first maxiiliped. The 
action of the groat lacinise would suggest that they are cutting the strand of 
food, hut their armature of bristles is so much feebler than the arrangement 
of spines upon the dactylopodiies of the second maxilii])eds and on the lacinia^ 
of the maxillule us to throw doubt upon the correctness of this impression. 
Itjll, view of the alternation of their action with that ot the pyramidal endiies, 
it seems possible tliat they are really brushing the frayed [untions and 
fragments of the food backwards towards the o|»euing of the mouth, into 
which the pyraiiiiditl endites help to thrust it. The shape of these oiidites 
and of the hairs, upon them are such as to make it easy for the food to pass 
between them into the month, but difficult for it to (Miierge. The ma\ilhe 
are, I think, quite useless as jaws. Their distal lobes, at least, are feeble, 
inefficient structures, ilrawn passivelj^ to and fro with the strokes of the 
scaphognathite. I am loss certain about the proximal lobes, Initif these have 
a function I am unable to suggest, wdiat it may bo. The maxiilnles are 
im|)ortant and relative]}’' powerful slruetiires. 1 have ilescribeii the 

movements of their lacinim. The outer of the.-4e cuts at the food with its 
powerful bristles and ihe inner, 1 think, tlirusts it into tlo* mouth. Probably 
in doing so it is ('utting or tearing it from the main inas.s. The paragnalha 
appear to have the function of closing the notches on the hinder edge of the 
mandibles, tlirough which the food might work outwards, and of pouring 
upon it the secretions of their glands, whatever be the functions of tliese. 
I have already described the working of tlie mandibles. 1 am unai)le to soe 
that their ‘‘molar faces have any grinding action, but they appear to helj» 
to wall in the food which is being thrust into the mouth by the palps, and 
especially by the action aud powerful nose of the labrum. I have been a 
little surprised, in feeding to the crabs portions of Ksli and meat containing 
bone which I should have expected them to be able to crush, to observe that 
they were rejected, sometimes after being stripped of the softer tissues. It 
is quite possible, however, that in other circumstances these woiihl have been 
devoured. After the meal a flurry of the mouth-parts is usually to he seen. 

* Possibly reflexes fmm these limbs are needed to co-ordinate the nioveiiients of the 
other month-parts. A prawn will ns readily take food from a pair of forceps as from 
own chelse. A crab will not. 
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By brushing their various hairy surfaces against one another they detach 
the small particles of food that are clinging to them, and tliese are swept 
away by strong currents set up by the activity of the exopodites of the 
inaxillipeds. 

The opermlar function of the third maydUpcds deserves mention here. The 
operculum is not of importance to the crab on account of any part that it 
plays in foeding. It is freely open during tliat procebS, and is not closed 
again till the mouth-parts have cleaned themselves. It undoubtedly protects 
the more delicate organs within it, as may be seen by tlic \\ay in which it is 
closed when they are approached by any implement. But the closeness of 
its fitting, and its fringe of hairs, indicate that it is also a j)art of the 
respiratory aj)i)aratus. The current set up by the si-aphognathite is a 
wonderfully strong one, partly because it is working in a closed system of 
passages, and there are several ]>laces in the neigliboiirhoo<l of the inner 
iiiouth*part.s where leakage is probably liable to take place, and throw 
unnecessary work upon tlio scaphognathito in keeping up a current of tlie 
swiftness which is m e<led. The closing of ti e operculum prcvcjjts tin’s, 

4. The hairs which are arranged in so definite a manner upon the limbs 
play no insignificant part in the events wliicli have just been described. 
Tiny are of an immense variety. A few particulars al)Out them have been 
given above, in the course of the descrifdJons of the limbs, but it is quite 
impossible to do justice to this subject \utlioiit devoting to it a s[»ecial inves- 
tigation. McIntosh (11) has examined their structure in detail, but tlieir 
functions still remain to be elucidated. The great majority of the hairs are 
in some way feailiered or toothed, and the lateral members wbieli they then 
bear may be of every relati\e dimension and slia]»o, from the finest filaments 
to the coarsest serration, may vary in different parts of the same hair, be 
directed at any angle to the axes, or recurved, as on some of the hairs of the 
epi|;odites, and be set on one side of it, on two, or on all sides. Most of the 
hairs are placed on edges or surfaces where tliey meet the water, either 
actively in the movement of th(‘ limb or passively by the flow ol* the gill- 
stream. From thtir form and position it is clear that they must serve more 
uses than one, though whether any of them have a double function is less 
obvious. Some of them undoubtedly serve to filter the water entering 
various orifices. This is clear from the particles with which they may often 
be seen to be laden. It is notably the function of those which outline the 
parts of the operculum formed by the third niaxillij»ed, and on its coxa help 
to guard the opening of Milne-Ed wards, as all the openings of the gill- 
chumber are guarded by hairs on the carapace and on the coxae of the legs. 

Others are sensory. Most if not all of these are probably tactile, that is 
give information as to tli(‘ pressure which is exerted against them, but their 
sensibility is used in various w'ays. It is clear from its behaviour that the 
crab is able to detect the presence of fiarticlcs in any part of its gill-stream 
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and accordingly to stop, reverse, or alter its direction. Tins can only l)e due 
to tactile organs at various points in the system. Another iiho of tlu; tactile 
sense is involved in the aj)preciatioii of the slreiiglh of the current, which 
the animal must possess. (\)nceivahly this might he due a niii^cular s(*nso 
of the pow(»r used in protluciiig the current, but, as DoHein (6) has shown, it 
is very j)robahle that in ('rustucea the muscular sense is supplemented, if not 
largely replacc»l, by the information given by tactile hairs brought against 
the water hy tlie movement of the limhs. In any case, it is likely that this 
information is possessed hy the crab and guides it in the use of its limbs. 
Probably the more delicately feathered hairs are tho.Ne which are exposed to 
and detect finer clianges in the picssurc of the water. From these tlnuw* is a 
gradation to the coarser ones which are use d in filtering. Wheiher any or 
allot' the latter are sensitive does not a]>pear. 

Whether, again, any of the pains sab>erve a chemical sense is doubtful. 
( Vrtainly the behaviour of the crah shows that it [»os>esse.'' such a sense, ai.d 
by it is informed of the quality of the water ami of the nature of the food. 
Hut it is (juitc fiossible that this is duo totheantennules. C)\er these the wattu* 
passes on lead ing tin* gill-cliamber, and the juices ami del;ris of the food are 
rej<*cted towanis them, and prohably to some extent reach them in spite ot or 
hy permissioj) of the exojmdites of the maxiJlipeds. The crab apj)ears, 
though less clearly than a prawn, to taste as we’d as to smell its food, but 
this may lie duo to the sensihility of the antonnule ; much as in Man, the 
aromas of food are appreciated hy the olfactory epithelium. 

Others of the hairs ha>e a function. This is exercised in very 

difl’erent ways hy the long threa<ls on the epij^odites of the maxillipeds (and 
possibly by the coxopoditic setm of the inuxillule, for which 1 can suggest no 
other function), and by the serrated bristles of the palps of the third inaxilli- 
petis. Those organs arc continually hus\ cleaning the various structures in 
front of them. They brush the anteniuiles. sometimes acting singly, some- 
times combing an antennule between them. Each of them brushes the e>e 
and antenna of its side, and reaches across to clean the mouth-paits of the 
opposite side, attending, for instince, to the delicate and probably sen>ojy 
hairs of the expanded end of the emlopodite of the first maxilliped. In 
these activities, different jiarts of the i)alj> are brought each against a ilifierent 
organ, and very possibly the difference in the serration of the bristles in 
various parts is in correspondence with the structures to be cleaned in the 
organs to which they are applied. 

The function of curt ent^makiny must perhaps he attributed to the hairs 
on the flagella of the exopodites. 

Lastly, the bristles which are used in wa}ii]>nlatimf the food are special 
meml)ers of the series of hairs. 



140 


DR. L. A. BOBRADAJLE ON TJHB 


Bibliography. 

1. Bell, T. — A History of the British Stalk-eyed Orusiacea. London, 

1853. 

2. Bohn, G. — Sur la respiration du Cardniis Leach. C. R. Acad. 

Sci. cxxv. p. 441 (1897). 

3. Bohn, G. — Sur le renversement dii coiirant res})iratoire chez les (-rus- 

taces Decapo<les. Ibid. p. 539 (1897). 

4. Bohn, G. — Des mecanismes rcspiratoires chez les Criishices Decapod es. 

Bull. Sci. France et Belgique, xxxvi. (1907). 

5. Borradaile, L. a. — O n the Structure and Function of the Mouth-paits 

of the Palaemotiid Prawns. Proc. Zool. Soc. Loud. 1917, p. 37. 

6. Doflbin, F. — Lebensgewohnheiten u. Anpassungen l)ei dokapoden 

Krebsen. Fest. COteii Geburtstag K. Hert.wigs, iii. (1910). 

7. Giard, a., & J. Bonnier. — CJontribution a retude des Bopyriens. Trav. 

Inst. ’Lille, v. (1887). 

8. Garstang, W. — The Habits and Respiratory Mfchanism of Corystes 

cassivelannm, Journ. Mar. Biol. Assoc, (n. s.), iv, (1896). 

9. Garstang, W. — The Sy^teumtic Features, Habits, and Respiratory 

Phenomena of Porhnnuus namiits Uiir. IbitL (1897 ). 

10. Lim, R, K. S. — Experiments on the Respiratory Mochanisin of tlie 

Shore Crab {Cardnus mwms), Proc. Roy Soc. Edinburgh, 1918. 

11. McIntosh, W. — On the Hairs of Cavdmis mtvnas. Trans. Linn, Soc, 

London, xxiv. (1863), pp. 79-100, t. 19, 20. 

12. Milne-Ed WARDS, H. — Recherdves sur le mceanisme do la respiration 

chez les ( )ru.staceH. Ann. Sci. Nat. Zool. (2) ii. p, 129 (1839). 

13. Pearson, J. — Cancer. London, 1908. 



MOUTH-PARTS OF THK SHOttK CRAli. 


141 


EXPLANATION OF THE PLATES. 

Plate 10. 

J’ig. 1. A ventral view of a female of the Shore Crab (Carcinns manas). On the left 
aide of the animal the first and second walking-legs ha^o been parted, to 
expose the apprjach to the inhalent opening between them, and on the right 
side the cheliped has been turned back to reveal as much as possible of the 
flange on the coxa of tlie third maxilliped, by which the inhalent opening of 
Milne-Edwards is guarded. 

h'ig. 2. The forepart of a similar view after the third maxillipeds have been divaricated, 
one of them cut short beyond its basis, and the cholipeds reniuved with the 
exception of their coxae. 

Fig. 3. A ventral (posterior) view of the third maxilliped of the right side, removed from 
the body and flattened. The dotted linei show the normal position of the 
epipodite. The small drawing annexed shows a p(»rt!on of the dorsal ^anterior) 
surface of the ischium of the yellow appendage, enlarged. 

Fig. 4. A similar view of the second maxilliped of the right side. 

Fig. 5. A similar view of the first maxilliped of the right side. 

Fig. 6. A similar view of the maxilla (second maxilla) of the right side. 

Fig. 7. A similar view of the maxilliile (first maxilla) of the right side. 

Fig. 8. A similar \ie\v of the mandible of the right side. 

Fig. it. A view of the mouth and of the structures around it, after removal of all the paired 
appendages save the niaxillule and mandible of the right side. 

Fig. 10. A diagram of a transverse section through the branchiostegite and the stnictures 
which underlie it at the level of the articulation of the first walking-leg. 

Fig. 11. A diagram nf a longitudinal .section through the branchial chamber of the left side. 

The podobrauch of the second maxilliped is shown in perspective, and the 
position of the aniirobranchs of the third maxillipeds is indicated in dotted lines. 

Fig. 12. A view of the Crab from the left side after removal of the branchiostegite. Part 
of the inner roof of the gill-chamber remains, and is held back by a hook above 
the third walkitig-leg. 

Fig. 13. A view from within of a portion of the removed branchiostegite of the same side. 

Fig. 14. A view from below of the inhalent 0 })enings above the first and second walking- 
legs of the same side. 

Fig. 16. A view from above of the gill-chamber of the same side. The portjon.9 of the inner 
roof which have not been removed are held back by hooks. 

Fig. 19. Portions of hairs from the thii'd maxiili})ed : — A, from the median band of the 
ischium; 11, from the palp of the same limb; C, from the flagellum of the 
exopodite. 


Plats 11. 

Fig. 16. A view similar to that in Fig. 15, after the removal of the greater part of the gills. 
Fig. 17. A similar view after complete removal of all the gills, save those of tlie second 
maxilliped, the third maxilliped being in the normal position. 

Fig. 18. A similar view with the third maxillip^ divaricated from its fellow. 
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The Wing-Venation of the Order Pleotoptera or Mayflies. By R, J. 
Tilly ARD, M.A., Sc.D. (Cantab.), D.Sc. (Sydney), F.L.S., C.M.Z.B., 
F.E.S., Entomologist and Chief of the Biological Department, 
Oawtbron Institute, Nelson, N.Z. 

(With 10 Text-figures.) 

[Read dOth November, 1022.] 

The present paper is intended to be read in conjunction with the series of 
papers being prepared l)y me on the Wing- Venation of the Order Odonata 
or Dragonflies, ti»e first of which has already been published (Tillyard, 1922), 
the remainder having been kept back to allow of the present results being 
considered first. 

At the present time, considerable donbt appears to exist as to the true 
interprebition of the homologies of the wing-vciiis in Mayflies. This is not 
to be wondered at when we consider that Comstock and Needham originally 
offered one interpretation (1899), which became widely accepted, but that, 
following on Neodham*s discovery (1903) of the crossing-over of the supposed 
Rs in Anisopierous Dragonflies, Miss Anna Morgan (19l2), working clearly 
under the influence of this discovery, offered a new interpretation bringing 
the venation of the Mayflies into line with that of the Dragonflies in this 
very important respect, although the evidence brought forward in her paper 
to support this view is admittedly of the slenderest kind. Space will not 
allow us to give here a full critical discussion of Miss Morgan’s paper. It 
will only be necessary to make a single quotation from it, as follows 
(/. c. p. 98) ; — 

“ An actual connection between R and Rs trachea (in Mayflies) cannot be 
shown by constant structures. Moreover, Mayflies and Dragonflies are 
closely-allied groups, and their general tracheation is similar in many points. 
Furthermore, this condition of the radial sector trachea is exactly the same 
as that just described in the Damsel-flies, where there can be no doubt that 
such a crossing has taken place. It is, therefore, highly probable that the 
radial sector is present in Mayflies, and that both the sector trachea and the 
vein Rs have been stranded on Mi, and have left no positive trace of their 
origin.” 

On these very slmdor md debatable grounds, Miss Morgan proceeded to 
alter &e homologies of the wing-veins in the Order. While recognising 
and admiring the painstaking work shown in her study of the tracheation 
and venatibn of so many little-known ^pes, we have to mnfess that, like 
l^rot IbeOfltivray^ .under whom the work was done (2.c« p. 89), we 

disagree with ^ .... presented.” 

KoW that 1 baYe improbability that the supposed Rs 

of Needhani In the Is. really not that vein (TOlyard, 1922), and 

definite pi^lia the Zygoptem, tlie sup})osed Rs never 

xxx% IQ 
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bad any connection with E at all, and is most certainly not that vein, any 
system of homologies based on these results of Needham in the Odoiiatu 
becomes so highly speculative in character as to cease to attract even those 
who may have originally accepted it. It is, therefore, necessary to enquire 
anew into the whole question of the homologies of the wiiig-voins of the Order. 
This 1 have attempted to do during the last three years. The results obtained 
appear to me to show^ not only that the system proposed by Miss Morgan 
was incorrect, but that the original system proposed by Comstock and 
Needham (1899) was also wrong, and that the true inb^rpretatioii of the 
homologies is one hitherto unsuspected in any quarter. These results, agaili, 
also support some startling new results obtained for the Odonata ; and it is 
for that reason that the publication of the present paper is interpolated 
between the first and second papers of the series on that Order. 

For the purpose of obtaining a really trustworthy result in an admittedly 
difficult problem, I have attempted to combine three methods of stud}', viz, : 
(1) the study of the Palssozoic Mayflies ; (2) the study of the nymphal 
tracheation in archaic existing types ; and (3) the application of the principles 
of convex and concave veins, both to fossil and recent forms. Good fortune 
favoured this plan. In the first place, when visiting New Zealand in 
1919-20, Prof. (/. Chilton, of Canterbury (College, Christchiircli, very kindly 
accompanied me on a visit to the Cass Biological Station, which is under his 
charge. Here we found abundant material of the larvse of the archaic typos 
of Siphliiridse for which New Zealand is famous. As all the necessary 
apparatus for dissections and microscopic study were at hand in the Station, 
I was able to make a thorough study of these larva? on the spot. This 
produced a surprise, in that the tracheation was found to bo almost complete 
in the various iustars, and fairly easy of interpretation ; whereas, in the 
Mayflies studied by Miss Morgan, the tracheation was both incomplete and 
irregular. Following on this discovery, during my visit to America in 1920, 
through the kindness of Prof, C. Schuchert, I studied the Lower Permian 
fossils left behind by Dr. Sellards in Yale University, and was surprised to 
find among them a very fine specimen of Protereisma^ so beautifully preserved 
that it at once gave me the key to the whole venation of the Order, and, 
incidentally, supported the evidence given by the study of the larval 
tracheation. It then became clear to me that, if the significance of the 
alternation of convex and concave veins had been fully understood, and 
applied to the solution of this problem, the homologies would at once have 
become perfectly clear. In his paper on the Lower Permian Mayflies, 
Sellards (1907) entirely ignored this important point. Consequently, no 
help was to be obtained from his work by Miss Morgan, and! she merely 
contents herself with copying his figures (1912, pi. 9. figs. 62-66), and 
attaching thereto the results obtained by her own researches. 

Texfc.fig. la shows the hind- wing of a species of Proterehma with. the 
homologies of die veins obtained by this new method of study* For 
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purposes of comparison the fore-wing of Ameletut omatus is placed on p. 146 
(text-fig. lb), 'riie corresponding notations of Coinstock-Needham and 
Morgan are given in the accompanying table. In the second column the 
alternate convexity and concavity of these veins is indicated by the signs 
+ and — , 

Text-fiq. 1 a. 



Hind-wing of ProtertUma sp., Lower Permian of Kansas ; the fore-wing is closely similar, but a little 
narrower at base, as shown in text-%. 3. 


Table of Wing-Venation of Matflibs. 


New Notation. 

Sign, 

Colustock-Needham 

Notation. 

Morgan 8 Notation. 

0 

+ 

C 

C 

Sc 

— 

Sc 

8c 

K, 

+ 

K> 

Hi 

1K» 

- 

R, 

M, 


+ 

(omitted) 

(omitted) 

»».. 

- 

(omitted) 

(omitted) 

4R» 


(omitted) 

(omitted) 

6R„ 

- 

R. 

Ks 

R»b 

+ 

B. 

Interpolated vein 1. 

B. 

— 

Ra 

Ma 

B« 

+ 

M. 


R4b 

— 


(omittpd) 

R> 

+ 

M, 

M* 

M, 

— 

Cui 

Cui 

M. 

-f 

Interpolated vein. 

Interpolated vein. 


- 

Gua 

Coa 

Oui 

+ 

lA 

lA 

Cila 

— 

2A 

2A 

lA 


a A 

SA 

2A 

+ 

8A 

8A 

3A 

+ 

f 

aA 

3A 


10 * 
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It will be noticed that no less than five branches of Rga are indicated in 
the new notation. An explanation of this will be found in the argument on 
page 148 concerning the nature of triads. 

The results obtained by the three methods of study, already mentioned, 
support one another, except that in the case of the study of the larval 
tracheation a certain amount of variation is normally present. I have there- 
fore presented the argument based on the Convexity and Concavity of the 
veins first, followed by that deduced from the study of these conditions as 
noted in the fossil Protereisma, and have kei)t for the last place the resulte 
obtained from the larval trachea?. Tn dealing with these last, the alternative 
interpretations given in the table on p. 145 will be considered, and reasons 
given for rejecting them. 


Text-fig. 16. 



Fore-winff of Amdetui omatm (Eaton), Recent, for comparison with 1 a. tn, tomus. 

Lettering as on p. 163. 


Convex and Concave Wings. 

In all generalised insects, we are able to di.sti)igui.<^h ibe ])re«(cnco of two 
kinds of veins on the wings, viz. those which otjcupy tlio .‘*iiinmits of ridges, 
commonly called convex x^eim (indicated by a plv$ sign), and those which lie 
in the bottoms of grooves or hollows, commonly called concave (indicated 
by a mxum sign). In the ideal arohetypic wing, convex and concave veins 
follow one another alternately across the main portion of the wing, 
Sc being Ri and its sector +, M the vein commonly called Co, -f, 
and Cuj This last is’ always to be distinguished by lying either in or 
very closely anterior to the deep ami furrow, which separates off the clam^ 
or ami area from the rest of the wing. The cbivus itself is a wholly cornea 
area, and carries only convex veins, viz. the three anal veins 1 A, 2 A, and 3 A. 
In an ideal forked vein, both branches of the fork keep the same condition 
of convexity or concavity as the main slem ; but the alternation of ridge and 
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^hollow is preserved, in the case of areas broad enough, by the development of 
intermediate branches which take the opposite condition to the two branches 
which they separate. These have been considered as interpolated veins in 
the Mayflies; ue., they have been supposed to develop from the margin 
of the wings inwards, and not to be true branches of the main veins at 
alb A study of the fossil Mayflies shows, however, that originally there 
were no iiiterpoiated veins in this Order at all, and that the discontinuity 
of these veins bus been brouglit alanit actually by absorption of the basal 
connections witi) the veins of which they are true branches. 

The primitive system of branching which is show'ii almost to perfection in 
the Permian Mayflies is the tyfje wJiicli wc may conveniently term the tnad. 
This can Iks understood from texi-fig. 2. V is a convex vein which divides 


Text-vig. 2. 



Diagram of the triadic system of branching of main veins. For explanation, see text. 


at its primary fork vf into two equally convex branches Vj and V^. In the 
diverging angle between these two, a concave vein arises from either 
Vj or V^, its point of origin being not far distad from vf\ this secondary 
fork is termed rf , In the illustration before us, the concave vein is made to 
arise from V3, so that the two branches of this vein become V]a( + ), 
Vib(— ), and If, instead of being a convex vein, V were a concave 

vein, then the two branches Vj and would be concave, and the inter- 
mediate vein Vib would be convex. The two cases can be distinguished by 
calling tho triad developed from an originally convex vein a positive triads 
that from an originally concave vein a negative triad. 

Further branching may take place from any one of the three veins of a 
triad, and usually consists of the development of further trimis. In texi-fig. 2, 
a farther triad is seen developed from Vj, viz. the positive triad V2.(-f-), 
Via' ( - )i a^nd V2b(+). If^a triad had been developed from Vib, it w'ould 
have I)een a negative triad, and the notation used would have been lVib(— ), 
2Vib( + ), and 3Vib(— ); this notation was chosen to avoid duplication of 
suffixes. 

We can now see what has happened to the radius in Protereistna. This 
vein is convex, and divides first of all into a positive triad, Ri ( + ), R343 1**)) 
and Bi4+i{+). The negative member of this group, R24.8, next develops a 
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negative triads viz. Ea»(— ), Ilab( + )i E8(““)' second and thirds 

members of this triad remain unbrunched to the margin ; but the first, 
R2ik, develops another negative triad, from the third branch of which a 
further negative triad is also developed. To save complications in the 
notation, I have named the five veins devel(»ped on the wing-margin by 
these two latter triads lU3a. 2R2» 3H2», 4H2a J^id it will be noticed 

that they are alternately concave and convex. 

The triad system, as will be clearly seen, always results in the formation 
of alternately convex and coii^*ave veins along the wing-margin. There is a 
large body of evideu(^e to show that, apart from the Mayflies, this system 
was the original system of branching of the veins in the insect wing. 
Consideration of this evidence is beyond the scope of this paper, but attention 
is drawn to it in the hope that students of other Orders will attempt to 
recognise the remains of triads in the wings l)erore them. As examples 
of archaic triads, we may take the universally recognised primitive set ot 
three branches of U, viz., llj, H4+5J which is formed from an original 
positive triad with the intermediate vein developed from the lower branch Rs. 
A similar archaic triad «'ipj)ears also to have developed from M, viz. Mj( — ), 
Ma(-f), and — ), as shown in I^rotereisma, though this triad often- 

appears in other insects as Mi4.2(— ), M3( + )» and M4(— ), owing to a 
diflereuce in the position of the ori|riii of the intermediate vein. It will 
readily be seen how easily a pectinate series can be developed from the 
triadic system ; an example of this can be seen in the vein C^Uj in ProUrenma, 
Simple dichotomies, on the other hand, may be ex[)lained by either the non- 
development or suppression of the middle member of a triad, as in the case 
of the secondary branches of Rs in most insects. 

We now pass from the consideration of the triad to the application of the 
rule of alternate convexity and concavity of veins as it affects the problem of 
the elucidation of the homologies of the wing-veins in an archaic Mayfly such 

Protermma (text-figs. 1, 3 ). The general rules applicable to all except 
very highly-specialised wing-types may be stated as follows : — 

(1) Two strongly convex veins can always bo recognised lying between 
the costal margin and the anal furrow, viz., Rj and Ciij. 

(2) The concave vein lying between R, and the costal margin is Sc. 

( 3 ) M is a weakly concave vein lying between two ridges of Rj and (-u,. 
In many archaic types it gives off a posterior branch close to the base, which 
joins with Cn,, thus forming the cuhito-medinn Y-rri«, the main stem of 
which is properly denoted by Ma + tJui, though usually called simply Cu,. 
If Allis Y-vein can be recognised, any doubts as to the limits of M and ^ 
should be finally removed. 

( 4 ) The vein lying either in or slightly anterior to the anal furrow is the 
vena dividens^ ( luj. 
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(5) The clavus or jinul area is a wholly convex area, and may carry from 
one to three convex anal veins, any of which may be branched or simple. 

Applying thc'se rules to a wtdi-preserved specimen of Protereisma^ such as 
the one figured in tcxt.-fig. I-J, which Prof. Scliuchert kindly allowed me 
to keep for study during the last two years, the archaic condition of the 
wing-venation is clearly shown in that the application of all five of the above 
rules can lx* made without any doubt or lu^sitation. The high ridge of R, 
can be found at once with the concave vein Sc lying anterior to it. At the 
Iwse of the wing there is developed a sliort convex vein betwe.en Sc and the 
costal border. I'his nui>t be considered as a true primitive costal vein, (^, 
not a basil branch of Sc, since it is convex and not concave. Scllartls(1907) 
has already shown how it forms a brace tor the costal border, and has its 
liomologne in existing Mayflies. 

Text-pio. 3. 





Basal portion of fore- wing of Protereisma J»p., bower Permian of Kansas, considerably 
enlarged show details of venation. Note the cubito-median Y-vein having M,, 
as upper arm, Cui as lower arm, and as main stem. For lettering, 

sec p. WJ. 

We should next set about determining Cui, the anal furrow and the clavus, 
keeping the consideration of M and Rs until the last, as it is tlie limits of 
these veins which have been the chief trouble in the pist. Again returning 
to our specimen of Protereisma, w^e find that the only vein which satisfies the 
conditions for Cu| is that which has previously been called lA, and that its 
concave branch can he clearly seen running in the anal furrow with a 
characteristic curve hasally, and separating off from the rest of the wing 
a small, but quite distinct, convex clavus on which only convex veins are 
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present. In order to test this conclasion, we next look for the cnbito-inedian 
Y-vein, and find that it is present quite close to the base of the wing in the. 
very characteristic form shown in text-fig. 3. This definitely doteriiiines the 
correct homology of the vein Ma + Cui, and eniiblos us to pick up at once tlie 
true median above it, viz. the concave vein which had previously been called 
Oiii, in spite of the fact that it is not convex. We tlins find that M is a 
three-branched vein, excluding M 5 , of triadic type, just as it is in so many 
of the Palseodictyoptera themselves. 

We now have only the limits of Rs to considcM-. The whole of the inany- 
brnnched vein which had previously heen consi*lered to be formed of lls and 
M, combined by baswil fusion, is now seen to belong to Its alone. It arises 
from R, near the base, and its short basal piece i< convex. It then branches 
into a concave upper branch (Rg+s) and a convex lower ono(Ri ^.p); and thus, 
as already indicated above, it makes with Rj a iriie positive triad. 1 'he 
numerous branchings of Rs sliown in JWoti*rei^m<i need not be a cause of 
wonder, since they are paralleled in quite a nuinhiT of J^alfcodietyoptcroiis 
types. 

In text-figs. 1 and 3, it should he noted that, excluding the clavus, on 
which all the veins are convex, the whole of the veins reaching tin? wing- 
margin are placed alternately convex and concave. The complete notation 
for the wing of Protereisma has heen already given in the table on p. 145. 

(.;0MPAR£80N OF THE VENATIONS OF FOBSIL AND 

Recent Mavfueb. 

The next step is to make u careful comparison between the venation of fossil 
Mayflies and the more archaic represen t-ativas of existing types. For this 
purpose, I have chosen the wings of Anuietns ornatus, rainily 8 iphlurid:c ; 
not because I believe it to be the most arcliaic of exi>iing tyjjes, but because 
it is archaic enough' for our purpose, and happens to be the species on wdiich 
most of the studies of larval wing-trachcation were carried out. 

Comparing the wings of Protereisma (text-figs, la, 3 ) witli the fore- wing 
of Ameletus (text-figs. 1 ft, 4), the first thing we notice is the change in flic 
general shape of the wing. That of Protereisma is of the archaic elongate 
oval form seen in most of the Pal«o<lictyoptera and in the fore-wings of 
Perlaria, in which no definite tornus and terinen are deve]o}>ed, but only a 
single continuously curved posterior margin from biise to apex. In most 
recent Mayflies, Ameletus included, a definite? toruvs {in) is to be recognised; 
the angle of the tornus divides the original posterior margin into a shorter 
basal part, to which the term posterior margin is still applied (eaUed the 
darmm in Lepidoptera, but the term is inupplicnhle to Mayfliesi which do 
not fold their wings over their body in a roof-like manner), and a ' nitich 
longer distal part, called the temnen or distal margin. The resttlt of this is 
that the wing is now no longer of the primitive elongato^Yal sbajMi^ bai 
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definitely trianj;;ular, the three angles being the base, the apex, and the tornus. 
In the evolution of this shape of wing there is a definite reduction of the 
areas served by the cubitus and anal veins, and a definite increase in the 
area served by the media and radial sector, (/onseqiiently, if Comstock and 
Needham’s theory of interpolated veins is justified, we should certainly 
expect to find a number of them developed along the termen in Amelelus. 
At first sight, this appears to have happened* since we can find at once no 
less than five long veins, viz. 2Jt2ft, 4R211. 11^4b. Rnd M2, which are not. 

connected basally with their adjacent main veins. On the evidence of 
recent Mayflies alone, Needhaln^s comdiisions were perhaps warranted. But 
when w'c come to compare the venation of Amehtus with the fossil 
ProtereUma^ we find that ever\' one of these veins corresponds exactly with 
a true branch of a main vein present in the fossil : and, further, the total 
niiinber of veins present in Ameletug, and their alternate convexity and con- 
cavity, agrees exactly with the conditions in Proiereisma. I have therefore 
no Iiesitation in assigning to the veins in the fore-wing of Ameletus the same 
names as I have already given to their homolognes in Proterehma, 

In lh(‘ section dealing w’itli larval wing-tracheation, it will be shown that 
disconnection of the base of any branch vein is correlated with loss of its 
precedent trachea in the larval wing, and may well be a direct result of this 
larval condition. 

By comparing the wdngs of Ameletus and Protereisma^ w’e are now able to 
see that the Icngthouing of the termen has taken place chiefly in the region 
served by 114+* and M, the branches of these veins standing considerably 
further apart in Ameletus than in the fossil, whereas the area sorv<‘d by 
has altered very little. 

Turning our attention to (\ii, we note that this remains a strongly convex 
vein, hut its original triadic system of brandling has been changed to a 
simple {lectinate series, though the number of braiidie.s seven in all, remains 
the same, the branches still being alternately convex and concave. Though 
superflcially striking, this change is really a very slight one, consisting only 
of a movement basad, on to the main stem, of the triad called b'uic in 
text-flgs. la, 3 . 

The greatest changes that have taken place in the evolution of the existing 
type of Mayfly wing are those in the basal region of the wing. For these, 
we must refer to the enlarged basal area of Ameletus shown in text-fig. 4 , 
and this must bo oomjmred with the basal portion of the wing of Protereisma 
in text-fig. 8 . flare we note the following changes : — 

{ 1 ) Tile aepaittte costal vein C of the fossil has become fused with the 
costal margin, forming a thickened basal margin ; only its posterior distal 
branch, Am, remains free, and forms the strong oblique brace. Am, in Ameletus 
and all recent Mayflies. The intermediate stage in this cnoliitionary 
process is well seen in the Jurassic Mayflies, the condition in Mesephemem 
ediulosa (Hagen) being shown in text-fig. 4 , upper figure. 
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(2) M has become fused basally for a short distance with Ks, the basal 
stem of the two veins becominj; obsolescent, but actually showing a weak 
connection with M only, while the lost origin of Hs is shown by a very 
definite stump projecting from Rj close to the base. In some recent 
Mayflies, however, Rs remains separate from M, and is attached tangentially 
to R] just beneath Aw. Both conditions may be regarded as specialisations 
involving the abortion of the original basal piece of Rs. 

(3) The basal portions of M and Ou, before the first forkings of these 
veins, run close together as in Protereisma, but both of them turn upwards 
almost transversely across the wing. At the upper end of this bent portion 
is the formation which I have called the cubito- median Y-vein, so greatly 


Tbxt-pig. 4. 



Basal portion of fore-witig of Afueletus onwtm (Eaton), Becont, considerably eularjfed 
to show details of venation. A, stmup of Rs. Above, costal vein and humeral 
brace (Am) in Menphemem cellulosa (Uageii), Upper Jurassic of >Soletihofen. 
For lettering, see p. 102. 

reduced from its original conditions (as seen in Proteresima) that it can 
only just be made out in text-fig. 4. At this point, Cu forks, and its two 
branches turn at right angles to its former course and run outwards about 
parallel to the posterior liorder of the wing. Cu^ remains, as in the 
fossil, a strongly^cnrved vein concave to the posterior border; but the 
shortening of its length has brought with it a definite increase of curvature, 
so that the weak sigmoid curve which this vein shows in Protermnui 
becomes replaced by a single strong arch, cono&ve to the posterior border. 
Other recent Mayflies, such' as Ejyhemera^ have the original sigmoid curve 
intensified, but the vein itself greatly reduced in length, and the olavus 
almost completely obliterated. 
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(4) The anal area, or claviis, in greatly reduced Hize, being about one-fifth 
of the total wing- length in Amelefus, as compared with about one-third in 
Protereisma. The number of brancdies of the anal veins are correspondingly 
reduced, those of lA to two definite branches, while 2 A and 3 A are only 
indicated by short, weakly-formed veins, as shown in texi-fig. 

(5) The articulation of the wing, situated at the origin of Sc and R, 
becomes greatly strengthened by the formation of a hugli ovoid callus 
(tcxt-lig. 4). Jt appears to be the growth of this callus which has forced 
the basal portions of M and C^u beJow it into their peculiar curved positions. 
In some recent Mayflies of higher type than Anieletus^ those curved basal 
parts of M aud C-u liecome strengthened and partially fused together; 
uniting with the bases of the anal vein also, they form an upwardly- 
curving arch convex to the posterior border, from w^bich all the brunches 
of (hi and A take their rise. 

We thus see that, in the archaic family Siphliiridie, as represented by 
Atneleliis^ the correspomlence with the Lower Permian fossil Mayflies is 
«*xceedingly close, and the homologies of the veins perfectly clear. This, of 
course, refers to the fore^wiug only. The liind-wing,'which has undergone 
great reduction since Jurassic times, will be dealt with after the tracheatioii 
of the larval fore-wu'ng has been considered. 

Tragheation of the Larval Wings. 

The study of the tracheation of the larval wings in New Zealand genera of 
the family Siphluriilae was carried out chiefly, as already stafetl, in the (’ass 
liiologicul Station. Some material was also obtained around Wellington 
during my stay with Mr. Harold Hamilton, of the Dominion Museum, and 
the- dissections of those were caried out at his homo in Karori. I wish here 
to thunk Prof. Chilton and Mr. Hamibon for the Iticilities they aff‘orde<l me 
for carrying out this work. 

The material studied consisted of numerous larva? of the following 
specie's: — Onisvigasier distant Eaton, Colohurisvus humeralis (Walk.), 
Ameletus ornatua (Eaton), aud Ameletus perscitus Eaton. The larvfc of the 
first and last of these were very abundant at (’ass, and provided the bulk 
of the dissections. The niimlK^r of iiistars is not known for any of these 
hirvas, but the wing-sheaths can be dissected out for at least five iiistars, 
showing comparative stages of growth from a tiny triangular bud up to a 
consider! bly elongated flap. For comparative purj)Oses, I have designated the 
youngest of these last five instars as the nth instar, viz. that in which the 
wing-buds are very small flaps, capable of being dissected off wdtli very fine 
scissors if great care is exorcised. The following instars will be termed the 
(/i+^)th, (n4-j2)th^ (n+.?)th, (n-f4)th respectively, the being 

the last larval instar. In order to avoid too many figures, I shall give 
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here only a series of drawings which T made from the wing-sheaths of 
Ameletvs omatus^ a larva which has fairly transparent wings, is easy to 
dissect, and in which the tracheae can be followed without any trouble. 
Characters in which the other larvae differed from this will be noted 
below. 

The first point to be noticed is that the larval wing, in this Order, 
is soldered to tlie thorax over a considerable portion of its basal area. 

The free distal portion of the wing is that which lies to the right of the 
dotted line in text-figs. 5-9. Great care is necessary, in dissection, to 
remove sufficient of the soldered basal part to ensure that the bases of the 
wing-trachese, and their connections, are not severed or damaged in the 
operation. 

Just distad of the middle of the line marking the junction of the flap 
of the wing with the thorax, there is always present a somewhat triangular 
patch of hard chitin, shown shaded in all the figures. It at first separates 
the subcosto-radial group of trachcje, including M, from the cubito-anal 
group, as shown in text-fig. 5 for the nth iiistar. But, in the next instar, it 

ft 

Tbxtvfio. 6. 



Afmletus omatua (Eaton). Tracheation of fore-wing in wth larval iiistar. 

For lettering, see p. 162. ( x 97.) 

moves forward a little, so as to overlie part of the base of M ; and finally, in 
the last two instars, it comes to overlie the wholly or partially fused liases of 
R and M. From its final position in the last instar, it seems to me that 
this hard piece of chitin represents the large callus of the imaginal wing j 
its position in relation to the thorax is probably constant, its apparent 
movement forward being probably dne to changes in the actual positions of 
the wing-trachesB. The chief point of interest appears to me to be that it 
certainly does cause trachea M to run closer up to li than it naturally 
would if this callus were absent. Consequently, it may well be one of the 
factors which helped to bring about the fusion of M with Rs basally^ as we 
find it in the majority of larval wings in the lust four instars (text*fig«» 6-8). 
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Text-fig. 5 shows a typicnl fore-vring of Ameletus ornatus in the uth 
larval insfcar. There is no costal trachea visible. The alar trunk connecting 
Uie subcosto-radiiil with the cnbito-anal group of trachea; is complete^ 
though of small calibre, and the two groups are widely separated. Instead 
of coining off separately from ihe alar trunk, the tracheae Sc, It, and M arise 
as separate branches from a single trachea of large calibre. Its branches, as 
a simple triad, hito It,, U,, and R 4 ^fi. Trachea M arches gently in front 
of the callus already mentioned, and thus comes very close up to Rs just 
where it comes off from R^. Most of the larvm examined in this instar 
show exactly the condition given in text-fig. 5 ; but I found one larva in 
which trachea M had already captured tracliea Us at its base. This 
condition becomes the usual one in the following instars. M is only two- 
branched, as in the Order Perlaria. The tracheae of the cuhito-anal group 
are very fine in calibre; hut I could distinctly make out (*□( and lA in all 
the lame examined, and could see Ou, in most of them. In following 
instars, no trachea is usually visible in Cu„ though I found it quite well 
developed in a fine larval wing of the penultimate or (n + ^)th instar shown 
in text-fig. 8. 

Text-pio. 6. 



Afneietm <nfuitu$ (Eaton). Tracheation of fore-wing in (n+7)th larval instar. 
For lettering, see p. 102. ( x 87.) 


Passing on to the next, or (M + f)th instar (text-fig. 6), we note that the 
callus has now come to overlie the base of M, and in the great majority Of 
wings examined, trachea M has captured trachea Rs at its point of nearest 
approach basally. I have notes of a few exceptions, chiefly in the genus 
Oni^asier^ in which, both in this and the following instars, any of tlie 
following conditions may hapjnm to occur : — 

(1) Traohess »Sc, B, Rs, and M all come off in a hunch as separate trachea? 
from a single point on the alar trunk. 

(2) It arises from Sc, but Rs and M arise close together from a point on 
the alar trunk a little below them. 
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(3) Rs anti M are slightly separated basally, but come together so as to be 
almost indistingnishablo while passing the callus, and then separate distally. 

(4) Sc arises by itself from the alar trunk ; considerably further down^ a 
group of three separate trachoss, Ri, Rs, and M, arise close together 

All the above conditions are occasional variants only from the dominant 
condition, which is that shown in text-fig. 6. It should be noted that 
trachea M, in this instar, usually arises quite separately from trachea 
Sc-fRj, and its course basally from alar trunk to callus diverges widely from 
that of the latter. The number of trachejo developed from Rs is increased 
to four by the Forking of R 4 ^ 6 » there is an indication of the addition of 
an anterior branch to R 2 in the form of a pale band, which never, at any 
time, as far as I could sec, develops more than the merest basal rudiment of 
a trachea, and usually ])ossesses none at all. The number of branches of M 


TKXT-ria. 7. 



Amelettts otimtus (Eatou). Tracheation of fore- wing in or antepenult iniate 

larval instar. For lettering, see p. J62. ( x4].) 

is also^increased to three by formation of the triad Mi, M 2 , M^^i ; but tiie 
tracheal supply of the middle branch M 2 is quite irregular, and varies 
greatly in the different larvte examined. A separate costal trachea appears as 
a short basal anterior branch from Sc. The alar trunk continues complete, 
and of fair calibre. 

Passing next to the (n + ^)thor antepenultimate instar (text-fig. 7), we 
find the conditions not very different from those indicated for the previous 
instar, except for the presence of additional branches of R,, which now 
number five in all, and the establishment of the triad Mi, Mj, M^^^ on a firm 
basis, with a single trachea supplying as shown. In text-fig. 7, I show 
a curious condition of trachea Cui near the base. The course of the vein Cui 
is indicated by the dotted line, but the trachea arches up out of its normal 
course, and passes close under M« T have seen this condition several times, 
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not only with (Jui, but in other parts of the larval winfjj. It seems to 
iiulicato a certain amount of instability in the traeheiition, ami may possibly 
be the stage precedent to a more complete breaking down of the traclieal 
supfdy, as exhibited in many of the forms studied by Miss Morgan. 

Text-fig. 8 shows the trachcation of the fore- wing in the (/A + ^jth or 
penultimate instar. In this stage, R, Rs, and M generally appear to arise 
as a single thickened trachea from the alar trunk, at a point somewhat 
removed from the origin of Sc, and beneath the callus. By careful 
manipulation, this apparently single trachea can he separated into its 
component parts, when it will be seen that it is in reality three separate 
trfTchetv arising from almost the same point. Tn some specimens, however, 
Ri may still be found arising as a hraiich of Sc, wliile Rs and M arise as a 
single trachea well below it. 1 think the varying conditions seen in the later 

Text-fig. 8. 



Afneletm oniutui (Platon). Tracheation of fore-wing in or penultimate 

larval instar. For lettering, see p. IGi?. ( x48.) 


instar.«» are almost wholly due to the presence of tlie callus, one or more of the 
original trachea? taking a devious course to avoid passing under it, or pos.sil)ly 
hecoming displaced at eedysis hy the pressure of the harder mass of cliitin. 

In this instar, the number of branches of R^ is still five, ami the most 
anterior of these never has any tracheal supply except a mere rudiment- 
Various irregularities may be noted. In the specimen figured, the trachea 
which asually supplies the most posterior hrancli of R 2 arises alongside the 
trachea belonging to the branch above, and runs with it to about half its 
length, when it turns downwards and supplies the course of the most 
posterior branch for its distal half only. The trachea supplying M 2 
sometimes arises from Cus possesses a complete trachea in this 

specimen ; but in the majority of wings examined, it either has no trachea or 
a mere rudiment. These are all individual variations in the trachcation, and 
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are o£ no significance except to indicate the essential variability of the 
tracheation in many of its details. 

In this instar^ the line of fusion of the wiug-slieath with the thorax ceases 
to be straight, and shows a definite convex bulging between the subcosto- 
radial and ciibito-anal groups of trachojc. The alar trunk is still complete, 
but throw'n into a strong loop. The largo anterior callus already noted in 
previous instars now appears in close contact wiih the axillary area of the 
thorax, this position corresponding wdth that in the imaginal wing, where the 
callus articulates with the axillary process of the thorax. A new structure 
is apparent in the cubito-aual region, viz. a smaller, somewhat reniform, 
posterior thickened patch, shown shaded in text-fig. 8. This corresponds 
with the opaque and somewhat tliickoned anal area at the base of the imaginal 
wing ; but it never becomes a true callus, Le. it does not articulate with an 
axillary process from the thorax. 

The last or (n+4L)th instar differs from the ))revious one in the niucli larger 
size of the wing-sheaths, the strong devoloi)ment of the anterior callus, the 
very clear indication of the whole of tlie imaginal venation, including all 
the cross-veins and veinlets, and the presence of all six branches of B^. 
In this instar, the tracheation is not easy to follow', owing to the strong 
pigment bands of the imaginal venation overlying it. As the genenil 
tracheation scheme is closely similar to that of the previous instar, and the 
same individual variations are equally apparent, it has not appeared necessary 
to me to figure it. One point of interest needs to be mentioned, viz. that I 
only succeeded in finding the complete alar trunk in one specimen of 
Onisdgaster distaus. In all the others examined, the basal portion eu-a w^as 
missing, and the single trachea which gives origin to Ou and the anal veins 
appeared to arise from the same trunk as the other trachese above it. is 

exactly the condition shown in Miss Morgan^s figures (1912, pi.*!, 

Thus it will be seen that, if she liad studied other instars as well as the last, 
she would not have fallen into the error of failing to homologise correctly 
the cubital trachea? and veins, which it is quite evident she has done. 

The above discussion applies to the fore-wing only, A.s the hind-wdng is 
greatly reduced in size in all recent Mayflies, and differs very greatly from 
that of the Permian Mayflies, as well as from the fore-wing of recent foruis, 
I have thought it best to summarise the evidence for its venational homologies 
in a separate section. 

The Hind-wino. 

The dissection of the small hind wing-sheath of u Mayfly nymph is not 
easy, and I only succeeded in getting good preparations from the last two 
instars. Text-fig. 9 shows the tracheation in the hind-wing of Ameleius 
amatus^ penultimate instar. The alar trunk is complete, but there are no 
signs of a callus. The line of fusion with the thorax lies well out beyond the 
origins of the wing-tracheDs, as shown by the dotted line in the figure. 
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There is a separate costal trachoa C, lying far above Sc ; the latter trachea 
lies far above the group of R and M, which arise close together well down 
towards the cubito-anal group, Rs arises from R very close to the point 

Text-fig. 9. 



Amcletui ornatus (Eaton). Traclieation of hind- wing in or penultimate 

larval instar. For lettering, see p. 162. (x87.) 

N 

where M curves slightly upwards, so as to come very close to it. Rs divides 
into two branches, Rj,^3 and R44.1v, each of which gives rise to a simi)le triad 
with incom[)lete traclieation. The middle branch of the triad of U24.3 
supplied hy the trachoa R3, but R^ and the distal part of R3 have no tracheie. 
The two outer branches of the triad of R44.6 have their trachese present, hut 

Tkxt-fio. 10, 



AfneletuB orwdui (Eaton). Venation of hind-wing. For lettering, see p. 162. ( x 16.) 


the middle branch has none. M gives rise to a simple triad in which the 
trachea supplying MJ14.4 switches up into the middle branch distally, leaving 
the distal half of M4 without a trachea, Cn^ has no trachea. 

LINK, JOURK. — 20OL0GT, TOL. XXXV. 
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In interpreting the above scheme, we must compare the imaginal venation 
ehov/'n in text-fig. 10 with the tracheation shown in text-fig. 9 . There can 
then be no doubt as to the correct homologies of the main veins. Two points 
only are open to doubt. Firstly, what is the correct notation for the middle 
branch of the triad of R2+8? This appears to be a branch of R®. Bat in the* 
penultimate instar of Oniscigasier distam^ I find the trachea R, supplying 
this branch. I therefore conclude that the tracheation is variable, and give 
preference to the notation Rab for this vein. This is done because, in the 
fore-wings of recent Mayflies, and also in hath wings of the fossil Proteremnay 
R3 is an unbranched vein. Secondly, what is the correct notation for the 
middle branch of the triad of M? In this case, both in the larva of 
Oniseigaster di stuns and in the one figured, the trachea supplying it comes 
from M8^4. In addition to this, the vein itself, in the imaginal wing, arises 
from M14.4 as a definite branch. All the evidence, then, points to tlie correct 
notation for this vein being M3, the other members of the triad being 
and M4. In this respect, we must reckon that the hind-wings of Ameletus 
and Onisdgaster differ from their fore-wings, anJ also from both wings of 
Protereisma. The explanation probably lies in a shifting, at some fairly early 
point in the evolution of the hind-wing, of the point of attachment of the 
middle member of the triad, followed at a slightly later time by the 
development of a corresponding new tracheal supply. 

Alternative Interpretations. 

Having now considered all the evidence available under the three headings 
already indicated, we may ask whether any of them offer any basis for an 
alternative interpretation. The answer to this must be, that, iu the case of 
the evidence from Convex and ( -oncave Veins, and from the Fossil Record, 
there can he no doubt whatever as to the true homologies of the veins, ami 
no alternatives to the solution here given can be offered. In the case of the 
larval tracheation, we have noted a considerable amount of variation both in 
the branch tracheal supply and in the mode of origin of tbo main tracliem 
from the alar trunk. To anyone, therefore, who pins liis faith u])on this kind 
of evidence alone, and who refuses to admit that offered under the two other 
headings, alternative solutions are possible. The two chief alternatives, of 
coarse, are those given in the table on p. 145 as the Comstock-Neediiam and 
Morgan notations respectively. We may ask whether the evidence from 
the tracheae alone does really support either of these tw'o schemes rather than 
the one we have given in this paper. 

With regard to the original interpretation given by Comstock and Needbam, 
this clearly assumed that there bad been u basal fusion between Rs, M, and^ 
Cu. The evidence of the tracheation certainly supports the idea of a basal 
fusion between Rs and M ; but it shows clearly enough that Cu reinaina 
quite distinct. It does not seem necessary to say more about thb alt^^nativ^ 
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notation, for the simple reason that its authors thomsc^lves admitted that it 
was unsatisfactory ; and, later on, they accepted Miss Morgan’s interpretation 
instead (see Oorastoclc, 1918, chap. x.j. We have, then, only to consider 
Miss Morgan’s notation. With respect to this, wc may note the following 
points:- “ 

(1) The research was carried out on wings of the last larval instar only. 
In this instar the tracheatioii is the most variable of all, and the posterior 
continuation of the alar trunk is usually absent. In spite of this, Miss 
Morgan correctly interpreted the homologies of the cubital trachea), but 
failed, for some reason, to connect them with their true venational homolognes 
in the imago. Had she examined the tracheation in this region in earlier 
instars, she could not have failed to note the close correspondence between 
the strongly iient ouhitus in the larva and imago ; and her results, as far as 
the limits of (hi were concerned, would then have agreed with those given in 
this paper. 

(2) The evidence for her chief innovation, viz. the crossing of a siin}»le Its 
over two branches of AT, as in Anisopit^rous Dragonflies, is not forthcoming 
from the great majority of the larval wdngs examined, but only from the 
wings of a single species, in which, as she admits (/. r, p, 98), “ half of 
the wing-pads showed the radial branching just descril>ed and half of them 
gave no sign of it,'’ The species which gave, in only one-half of its 
representatives, an indication of Rs crossing over M, was a s}>ecies of 
a genus which is by no means the most archaic of the lifteoii 
genera studiml by Miss Morgan, Yet she accepts this evidence, against the 
weight of evidence supplied by all the other fifteen genera and the other 
species of Ifeptayenia included ! 

As I ha\e already pointed out, new light on the venation of Dragonflies 
has made it certain that Rs does nut cross over M in the Zygoptera, and has 
also rendered it extremely improbable that the trachea which does this in the 
Anisoptera is Us at all. The evidence for a crossing of Rs over M in 
Mayflies to be found within the Order itself is, as we have seen, practically 
Miss Morgan's whole case totters to the ground, and must 
be replaced by a more lasting structure. 

To sum up, we have seen how the evidence from the Convexity and 
'Concavity of Veins agrees absolutely with that offered by a study of the 
Permian fossil Proterewna^ and the combined evidence of these two lines of 
study is supported to a very great extent by that of the tracheation of larval 
wings, the only doubtful point in this latter evidence being its undoubit^d 
tendency to vary. Takon all together, the new system of homologies appears 
.to me to be supported by so great a weight of evidence as to be at once 
acoeptabte in plaQe of the hypotheses previously offered in the Comstock- 
Needham and Morgan notations respectively. At the same time it offers a 
new and clear basis on which to build up a system of classification within the 

11 * 
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Order, which will present, to some extent at any rate, the real linos of 
evolution of the Mayflies through the long period of time from the Lower 
Permian to the present day. That problem may well be left to a later paper. 
1 also hope to continue the series already begun on the venation of Odonuta^ 
and to show how, in that Order, the behaviour of the radial sector has 
followed the lines set out in this paper for the Mayflies, though very high 
specialisations of the Odonate venation have masked the original close 
similarity between it and that of Mayflies. 

Cawthron Institute, Nelson, 

SI March, 1922. 
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Venafional Notation used in the Tv.vt--figures. 

1 A, first analis ; 1 Aj, 1 A2, its two branches. 2 A, second analis. 3A» 
third analis. C, costal vein or trachea, separate from the costal margin. 
On, cubitus. Ciii, first cubitus; Cuia, Ciiib, Cuu., its principal triad in 
Protereisma. Cus, second cubitus or vena dividens. cw-a, cubito-anal trunk 
trachea, n//, primary cubital fork. /i»n, humeral brace, formed from the 
descending posterior branch of the costal vein, stump of Rs. M, media ; 
Ml, M2, M3^4, the three branches of its triad. M^, its posterior branch, 
forming the upper arm of the cubito-median Y-vein, the lower arm being 
Cui. Ms + Oui, in Protereisma^ the main stem of the cubito-median Y-Vein^ 
^minonly called Cui. ^ m/, the primary median fork. Pc, precostal margin. 
R, radius ; Ri, its main stem or anterior branch. Rs, radial sector ; K2 . 3, 
R44.6, its two main branches ; further branchings are indicated, first by tTie 
four veins R2, Rj, R4, R^, then by the suffixes a (anterior) or h (posterior) 
attached to any of these four veins, and finally by numerical prefixes 1 to 5, 
to avoid further suffixes. Sc, subcostn. subcosto-radial trunk trachea.. 
tn^ tornus. 
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The Structure of Certain Palaeozoic Dipnoi. By D. M. R. Watson, F.R.S., 
anil E. L. Gill, M.Sc. (Coinmunicated hy Prof. E. S. Goodrich, 
F.lt.S., Sec.L.S.) 

(With 34 Text-figures.) 

[Head 30th November, 1922.] 

This work began by an attempt to write an account of the structure of the 
Goal-Measure fish Sayenodua and Ctenodus on the ba.si8 of the splendid 
material in Newca.stle. This collection when worked over by us left certain 
problems unsolved wdiich have in part been cleared up by iossils in Edinburgh 
and elsewhere. During our search for this information we saw the splendid 
specimens of rranemvs in Edinburgh, and the wish for further light on 
certain morphological problem.^ led us to extend the investigation to several 
other palajozoic Dipnoi. 

The resulting paper now gives an account of the structure of these fish, 
which certainly includes the chief variants known tb have occurred in the 
group, although some forms which might prove of great interest are still 
known to us only by the original descriptions or by unsatisfactory speciiuen.^i. 

With the possible exception of Idpterui^ the most completely known of 
the fossil Dipnoi is now' Sayenodits^ and w’e therefore deal with that fish first, 
following on with an account of the related genus Cteiwdm, For these two 
genera, the chief source of our material has been the Atthey Collection in the 
Hancock Museum at Newcastle-on-Tyne, but additional information of great 
importance has been derived from fine specimens in the Royal Scottish 
Museum and British Museum (Natural History). 

The material is from the following horizons and localities : — 

Lower (Wboniferous (Oil Shale group) : Broxbuin, Loanhead, and 
other localities near Edinburgh — [Sayenodus and Ctenodus), 

Upper Carboniferous (Westphalian): Newsham, Northumberland; 
Lougton, Staffs. ; Ardwick, Lancs. ; Newarthill, Lanarkshire : 
Linton, Ohio ; Kansas — (Sagenodus and Ctenodus), 

Upper Carboniferous (Stephauian) : Nyran, Bohemia — {Sageno- 
dus). 

Lower Permian (Artinskian) : Wichita, Texas ; Kounova, Bohemia — 
(Sagenodus), 


^ Sagenodus, Owen. 

Until the publication of Dr. Smith Woodward’s second volume of the 
Catalogue of Fossil Fishes” in 1891, the generic distinctness of Sagenodus 
from Ctenodus was not generally recognized. Nearly all the published work 
of any importance on the structure of these fishes appeared before that date, 
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and consequently in that work Sagenodus was usually referred to under the- 
name of Ctenodus obliquus* The specific names imbricatusy ellipticusy elegavs^ 
and others, many of them probably synonyms of ohliquus And of Owen’s species 
& inwqualuy wore also applied by the earlier investigators to remains of 
Sagenodmi and more recently a large number of names of very doubtful 
value have been put forward, founded as a rule on isolated examples of the 
abundant and very variable tooth-plates. 


Fig. 1. 



*\ I 

tab.h, occ.f. 


SagtmAu. Donal aspect of cranial roof, x f. Mainly from a Bpecmiea from the TjOw 
M ain Seam of Newsham, in the Bojal Scottiah Museum, /r., "frontal'' (sfrontal 
+ p«)Bt-fr<mtal?)| i.fr., interfrontal; i.teni., intertemporal; na., nasal; oco./., occipital 
flange; p.rui., prenasal ossicles; pttr., “parietal” (^parietal + dermo^upraoceipital); 
s;,, “squamosal”; toi., “tabular” (sctahular+sapratemporal);*tohJ|,, tutmliy horn. 

What has kitiierto been known of the structure of Sagenodu$ was due 
mainlj to the investigations of Thos. Atthey and Albany (186S-« 

M75). Important additions wore made by L. 0. Miall (1881). Fritsoh^ iu 
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his * Fauna der Gaskohle' (vol. ii. 1889), published numerous excellent 
figures of detached bones of Sayenodus^ but a largo proportion of them inreie 
unidentified, and his letterpress added Httlo to what was already known. 
Moro recent courributious will be inenlioneJ incidentally and in the List of 
Literature. 

The a\ailable material has been re-exaniiued b} us, and the results aio 
here stated, largely in the form of figuroa. 

Fio. 2. 






Sagenodui, Cranial roof of six individuals, to illustrate tbe o\tt»nt of variatiou A-l>t 
Althey Coll ,• from the Low Main Seam, News) am , K, V, Koyal Scottish Aluseum, 
from the Virtuewell Seam, Newarthili. 

In its general structure the skull of Sayenodus resembles that of C t^ratodus 
in having an extensive cartilaginous neural cranium, of whicli no tracoa are 
ever to be seen, surrounded and supported by well-developed menibrano 
bones. The bones which coveted tlie top of the head frequently roiiiain 
connected togetlier in the fossils, but no complete aiticulated skulU are 
kcown. 

* Except where otherwise stated, the originals of all figiues are in the Atthey Collection. 
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The Roof of the SkulL 

It has been customary to dismiss the crania] roof of Sagenodiis and 
Ctenodus as being composed of nuinorons small bones of rather indeterminate 
arrangement and doubtful homology, though bearing a considerable resem- 
blance to those of the roof of the skull in Dipterus. Incomplete skull-roofs 
of both genera were described, but not figured, by Hancock and Atthey 
(1872, p. 401), who clearly stattul some of the points distinguishing skulls of 
Ctenodus tuherculatiis (u e. the genus Ctenodus as now understood) from those 
of C. ohliquus (i. e. Sagenodus), Hough figures of the posterior roof-bones of 
the Sagenodus skull were given by T. P. Barkas (1873, figs. 244-246) and 
Miall (1881, fig. 1). Miall^s figure was good as far as it went, except in 
the region of the bones that we call the intertomporals, where it is probable 
that he was misled by false suggestions of sutures. In a largo number of 
examples, at any rate, we have met with no similar case, though monstrosities 
do occasionally occur {cf. fig. 6, A and C, p. 170).* 

Of Barkas's three figures, 245 evidently represents the same specimen as 
was used by Miall for the right side of his figure, while fig. 246 represents a 
fragment seen from the underside and showing the shape regularly assumed 
underneath by the suture at the front of the ‘‘parietal."’ His fig. 244, that 
of the hinder two-thirds of a skull-roof, is correct on the wdiole, but the 
posterior corners are missing ; the original is now in the British Museum 
(No. 45852). 

The length of an average skull-roof is about 5^ inebes (14 cm.), but some 
were rather larger. The figure here given (fig. 1, p. 164), together with the 
variations represented in tig, 2, renders unnecessary a detailed description of 
the form of the bones. The bones are named in accordance with the sug- 
gestions of Watson and Day (1916, p. 42). Their degree of variability may 
be estimated by comparing the outline of any one bone through the series of 
figures, each drawn from an actual specimen, given in fig. 2, p. 165. It will 
be seen that though there is wide variation in details of shape, there is never 
any difficulty (apart from rare monstrosities) in recognizing single hones 
detached from the skull. 

In the state in which they occur in the shales the bones of the skull-roof 
are about 4 mm. thick in iull-sized beads. Neighbouring bones are locked 
together by means of thin laminai, radially ribbed, springing from almost the 
lowest level of the thickness of tlie bones and fitting into the adjacent bone 
at the same level. Mr. H. Fletcher, late of the Zoological Museum, Uni- 
versity College, Reading, tells us that the bones in the skull-roof of Ceratodus 
forsten are articulated in the same way. On the inner surface of the roof 
some bones encroach upon others further than th^ydo outside, so. that though 
the pattern on the two surfaces is nearly the same it is never identical 


♦ In fig. 6, A, the right frontal (/r.r.) is quite abnormal in shape, and in fig. C, the left 

^ occupied by an 

«Blcrg8ment of the bonea which normally niriound it. 
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The inner face of the roof-bones has a ])oHsho(i surface and usually bears 
radiating ridges. The outer face varies a good deal in surface character, but 
it is generally granulated, with a varying degree of gloss, and show^s fine lines 
radiating on each bone from a central pit or rosette. Bundles of these lines 
often run from the rosette of one bone to that of the next. Rosettes are 
always more strongly developed on the frontal and squamosal than on the 
other bones. The wiiole appearance of the bones suggests that the head was 


Fig. 3. 



Sapejwdus, Nasal and prenasal bones. Q and K after Fritsch, nil the rest from specimens 
in the Atthey Collection from Newsham, x about 
A-My prenasal'ossicles ; F, G, H, J, under surface, the rest dorsal aspect. 

N-8, nasals: P, under surface of O; S, a remarkable form which vrould not fit into any 
skull yet seen. 


covered only by a thin skin, and not, as in Ceratodus^ by scales. This 
supposition is confirmed by the occasional appearance of the grooves of 
sensory canals on the skull-roof. A well-marked lateral-line groove is 
seen to run from the rosette of the ** parietaV’ first to the rosette of the 
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intertemporal and then to that of the squamosal. This groove is for a line 
of pit organs, found also in Ceratodus, Such grooves are independent of 
the bundles of strise already referred to. The corresponding bones of very 
young individuals show these grooves much more plainly (see fig 4, ‘A, B, C, 
below). The course of the grooves, when they appear at all, is precisely that 
of the sensory grooves marked on the skull of IHpterus, 

One common type of skullnroof is not represented in fig. 2, p. 165, because 
it apparently always came to pieces in fossilization, and is hence only known 
by detached bones. It is characterized by the high polish of the external (as 
well as of the internal) surface of the bones, by their simplified outline, and 
by the conspicuous zonal bands near their margins. A fish of this type was 
evidently tlie predominant Sagenodns in Fritsch's collection from the 


Fig. 4. 



B D 


Sagenodus, Parietals, x about 3. A and B, of very young iudi\'iduals, show well-marked 
lateral-line grooves and illustrste the scale-like form of the young bones ; C is of a 
rather older individual ; D is a bone of the zonal and polished type ; though small, it 
has the adult form. 

Oaskohle ; in the Atthey Collection it is comparatively scarce and usually 
of very small size, but a few large parietals ” prove that in the Northum- 
brian coalfield, as in the Bohemian, it reached ibe same size as the other 
forms. A very small parietal’^ of this zoned and polished type is 
represented in fig. 4, D, above. 

The posterior margin of the skull-roof presents as a rule a concave ont-^ 
line, sometimes pronouncedly so (fig. S, E & F, p. 165 ; fig. 18, A, p« 183). 
In a few cases it is nearly straijdrt or even slightly convex. A fMtir of 
tabular horns for the attscbment of the shoulder-girdle are cosapteuotis at 
the bad: of a well-preserved skulk At the level of the inn«rr ^hee el tbrnm 
horns there is a thin frill of bone (fig. 1, p. 164, occ/.} strfidiiitg aofoss the 
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whole hinder border of the skull. It springs from the three hindenno&t 
roofobones, not at their actual edge, but from a little way forward on the 
under surface, and along this line the extreme hind border of the bones is 
frequently cracked and bent down in fossilization. It is possible that in life 
this thin flange stood vertically, more or less at right angles to the skull-roof, 
and overlapped the hinder surface of the neural cranium. 

From the outer hind corner of the tabular forward to the outermost point 
of the squamosal the edge of the skull-roof is rounded off and usually lobed 
and corrugated, except for a smooth and very definite notch in the border of 
the squamosal. It is along this part of the roof that the operculum is hinged 


Fio. 5. 



Sagenoduf, Circumorbitals, x about 
Outer faces on tbe left, inner on tbe right. 

(see fig. 18, p. 183). The notch in the squamosal lodges the anterior knob of 
the operculum, and the two bones forming the hingo-line behind the notcli 
bear on their under .surface a groove, lionnded iiitornally by a ridge, which 
engages a flange borne by the operculum along its upper border. The 
posterior knob of the operculum, more or less strongly developed, fits against 
the hinder end of the smaller corrugated bone close to the corner of the 
tabular. 

From the outer point of the squamosal forwards the edge of the skull-roof 
everywhere shows articular faces, with articular laminse where the bones 
are well preserved. It is here that tbe orbitals and other marginal bones 
were attached. As a rule^ however, the marginal bones, and the nasals as 
well, have been lost, even where the main part of tbe skull-roof has held 
togetiier. Probably this main part (represented in the outlines in fig. 2, 
p. 165), was flat or nem^ly so, whereas the bones bordering it would be 


170 


PROF. D. M. S. WATSON AND MR. E. L. GILL ON THE 


articulated with it on a downward curve, and would be subjected to much 
greater strains during the maceration undergone by the skull before its burial. 
The nasals are shown in their natural position in several skulls in the Royal 
Scottish Museum ; one skull from Newshani, in the same museum (No. 
1S78.45.7), shows several prenasal ossicles in position as well. They are 
introduced in fig. 1, p. 164. In the Atthey Collection there are a number of 
detached nasals and prenasals. Both are much more variable in shape than 
the other bones of the skull-roof behind them (see fig. 3, p. 167). All the 
prenasal ossicles seem to be crossed on the underside by a ridge and 
groove (fig. 3, F, G, H, J, p. 167), which may mark the position of a lateral- 
line canal. 

Fio. 0. 



Sagenttdm, Outlines of epecimensi showing marginal ossicles and circumorbitals. 

A. From the Virtuewell Seam, Newarthill, Lanarkshire. Koyal Scot. Mus. (1897/110/31). 

ptr, &ptL, right and left pterygoids with their teeth tr. & t.l ; man., mandible. 

B. From the same horizon and locality as fig. A. R.S.M. (1897/112/5). 

C. Coal Measures, Liuton, Ohio, 17.S.A. British Museum (N.Il.) (P. 7773). 

Cireumorhitals and Marginal Ossicles, 

These bones frequently occur scattered among the other bones in dis- 
articulated examples of Sagenodus on slabs of shale, and in the Atthey 
Oollection there are large numbers of them in this sort of association or as 
isolated bones freed from the matrix. Many of them were certainly orbitals, 
for they have one of their edges thinned out and rounded, and leading on the 
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underside to a hollowed and polished surface. Four of the coininonest 
patterns (of each of which there are several duplicates) are represented in 
fig. 5, p. 169. It will he noticed that the radius of curvature of the orbital 
notches is far from uniform, apart from (juestions of size of bones, which 
seems to indicate that the orbit cannot have be.en circular. One skull in the 
Atthey (kJlection (fig. 18, A, p. 183), several in the Royal Scottish Museum 
(e.//. fig. 6, A, B, p. 170), and one fragment from Ohio in the British 
Museum (fig. 6, p. 170), show some of the orbital ami other marginal 
bones in top view in articulation with the skull-roof, but no specimen wo have 
yet seen gives much help in reconstructing the orbit itself. The hypothetical 
arrangement which we suggest in fig. 20, p. 186, is chiefly based on an 
examination of the bones tluMiiselves, taking account of the edges bearing 
orbital notches, the <jdges with articular faces, and the edges which were 
evidently free. It accounts for all the recognizable types of circumorbitals 
which occur in the Atthoy (Collection. Some of the skulls referred to above 
show tliat the smaller marginal bones articulating with the nasals and with 
ihe fore-part of tlje frontals did not enter into the orbit, and wo have 
accordingly n^prescnted them as intermediate roofing. ossicles. 

ne Palafv. 

Neither we nor previous workers have found indications of any kind of 
ossification of the brain-case, which must have boon as completely cartila- 
ginous as it is in Peratodus. Where the skull-roof and the palate are 
undisturbctl they lie directly one upon the other, usually with hardly a trace 
even of the matrix f)etween them. 

The hones of the palate have been w’oll known for many years, and tlic 
additional observations that we have to make refer mainly to ccrfiiin details 
of their relations to one another. Like all the other bones of Saoenodusy the 
parasphenoid is very variable in form within definite limits, and especially 
.so in regard to the development of a median ridge on the buccal face of its 
main lozenge and in the shape and prominence of the lozenge at its 
hinder angle, (bmmon types are represented in fig. 9, p. 174. The para- 
sphenoids collected at Newsham w'ere $ii])poscd by Hancock and Atthey to 
belong to about half-a-dozen distinct species, a view which Miall dissented 
from, though it is not without some measure of support. 

Even before the existing Ceratodus became known, it was seen in a general 
way how the pterygoids with their tooth-plates must have fitted round the 
lozenge of the parasphenoid. Attempts to depict the bones in tbeir natural 
position have not, however, been altogether happy. Miall^s restoration 
(1874, pi. 47), which is based on ihe similar palate of Ctetiodus^ is the most 
successful, bat he shows the hinder ends of the pterygoids projecting as loose 
frills beyond the lozenge. Williston^s figure (1899, pi. 37. fig. 2) has the 
same defect, and in addition his pterygoids lack moat of tbeir hinder wing,. 
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and he shows the parasphenoid with its cranial face turned to the mouth. 
“The cranial and buconl faces of the parasphenoid had been correctly identified 
by Miall (1881, fig. 3). 

The way in which the pterygoids actually fitted on to tlie parasphenoid is 
perfectly shown by two specimens in the Iloyal Scottish Museum (Nos. 1902. 
73 and 1894.1G8.2). These actually belong to an early form of CtenoduB 
(the form to which Traquair applied Barkas’s name CtenoduB interruptuB ) ; 
but as this form had the palate of a Saffenodus^aad as the differences between 
typical palates of the two genera are in any case slight, it is appropriate to 
refer to them here. The more perfect of the two specimens is depicted, 
from a rough sketch, in fig, 24, p. 193. It shows that the lateral corners 
of the parasphenoid 1-^zenge, looked at from the buccal aspect, overlay the 
edges of the pterygoid, but that towards the front of the lozenge these edges 
passed on to its buccal face and met each other across it by a square corner 
,at the hinder end of thfdr symphysis. Well-preserved examples of the 

Fi«. 7. 


A B 

SapenoduB. Sub-operculum, x A, outer surface ; H, inner surface of another exatiiplo. 

pterygoid (fig. 8, A, p. 173), as a matter of fact, always sliow a rougliened 
-surface corresponding to the corner of the parasphenoid to whi(;h they were 
articulated. (It is of the same character as the corresponding narrower 
surface on the pterygoids of CeratoduBj and has been figured by Atthey and 
by Williston.) They also show tbe corner at the hinder end of the symphysis 
by which they met their fellow across the face of the parasphenoid, and the 
imprint of these corners is occasionally visible on a detached parasphenoid. 
It is only in CtenoduB interrupttiB*^ that the corner is square. In other 
forms both of CtenoduB and SoAjenoduB it is obtuse and meets its fellow in a 
forwardly-pointing angle. The arrangement of the elements of tbe palate in 
a typical Sagenodus in seen in fig. 10, p. 176. 

The meeting of the pterygoids across the front of the parasphenoid may 
in part explain the singularly weak pterygoid symphysis. In CeratoduB the 
pterygoid symphysis is very much stronger than that of tbe lower jaw ; in 
^genoduB it is altogether weaker, for the bones meet only in a long, thdn 
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«dge. At the back, however, this weak symphysis is supported on the 
cranial face for some part of its length by the anterior i)rocess of the 
parasphenoid, though that still leaves the forward part and the long anterior 
ridges of the tooth-plates to all appearance very insufficiently provided 
against the strains of mastication. This region, however, no doubt received 
further support from the overlying cartilaginous cranium. 

Fig. 8. 



A, 8ttffenodu$i % Ctawtu*. Left pterygoid and tooth-plate, X f. 

As they occur in the shales, the pterygoids and their tooth-plates are 
nearly always crushed into one plane. There can be no doubt, however, 
that in life the wing of the pterygoid would be bent downward along its 
outer edge to support the quadrate. It may not have been lient so sharply 
as in CeratoduM, where it stands at right-angles to the tooth-plate, hut that 
it( was eonstderebly bent is proved by the abundant cracks that break the 
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surface of these flattened bones, as well as by the curve actually shown by the 
least crushed examples — among them some very small pterygoids which by 
their minuteness have escaped the worst of the crushing. 

The facet on the toe of the pterygoid was remarked upon by Miall 
(1881, p, 292), It is precisely like the corresponding facet in Ceratodn8^ 
except that in Ceratodus the facet itself is composed of cartilage; and 
it doubtless had the same function, namely to support the quadrate and 
strengthen the articulation of the lower jaw. 

The Quadrate, 

The bone which we take to be the quadrate has long been known as a 
bone of Sagenodxis^ but has been assigned to various positions. Fritsch 


Fig. 0. 



Saffenodiu, Pamsplienoids, X about A. 

A and B, palatal surface (B, the commoner type) ; C, dorsal surface. 


usually identified it as a scapula Schulterblatt as in his Taf, 77,, 
figs. 1 and 4 (1889), but another example, Taf. 77, fig. 12, is labelled 
‘^Femur?’^ The same bone was well figured by Williston (1899, pi. 28, 
ilg* 3), who suggested that it might be the ceratoliyal. It is a large 
bone ill proportion to the size of the head, but in a Dipnoan with a 
head deep enough to accommodate such an operculum us that of Sagenodui 
the quadrate would necessarily be large. Even as it is, there is evidence 
that its upper end was incompletely ossified. The ossification of the rest 
of the bone, too, was more or less superficial, though carried much further 
than in the quadrate of Ceratodus, As they are found in tlie shales, the 
bones have always collapsed under pressure as the core of cartilage decayed,. 
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Fig. 11, 0 and D, p. 177, show good examples from the Low Main shale, 
Newsham, in the Atthey Oolleotion. Both ends of the bone were expanded, 
the lower more so than tlie upper. One side of the shaft bore a pronounced 
longitudinal ridge or wing, better preserved in Williston’s and some of 
Fritscb^s examples tluin in ours. The aspect shown in fig. 11, (', p. 177, 
we take to be the inside of a right (jua<lrute, and wo suggest that the facet 
on the toe of the pterygoid was applied to the proininenco there shown at the 
lower end of the bone on the right, [lossibly also engaging with part of the 
longitudinal wing. 

We have been unable to identify any further bones as belonging to the 
skull proper. Vomerine teeth uere described and figure<l by Atthey (1877), 
and we see no reason to doubt his identification ; but no trace of bone is 
attached to these teeth, and it is probable that the vomers were represented 
sohdy hy the bases of the teeth, as in Ceratndus. 

We have not been able, either, to identify any of the hyoid bones with 
ct*rtainty. Many large rib^like bones occur on slabs of shale among the 
other remains of Sugeaoihis^ and there can he little doubt that some of them 
are hyoids, otliers probably <*ranial rih». Fritsch was confident that he liad 
identified both ; the hone he named “ first cranial rib (1889, Taf. 77, fig. 5) 
may well bo such, hut some of his ‘^hyoids,” especially that figured at 
Taf. 71, fig. 5, are probably not bunes of Saaenodus at all *. 

The Lower Jaw, 

The main features of the structure of the lower jaw were made out many 
years ago, Hancock and Atthey described and figured the spleiiiarMii 
1872 ; and in 1877 Atthey announced the discovery of the angular 

articular which he had been able to identify by comparison with the 
newly-discovered Ceratodue forsteri. To complete the resemblance of the 
jaw to that of Ceratodns^ a dentary t element was needed, and its 
existence in Soffenodus was first demonstrated by Watson and Day (1916), 
who found it in the form of a brok<m cross-section fitting on to tlje 
front of the angnlars in a head in the Manchester Museum (L. 109u4). 
In the Atthey Dullection w^e have found an abundance of examples of the 
bone itself, some lying among the other remains of crashed heads and 
many others freed from the matrix. In the Dinning Collection, also in 

• Friteeh believed {p. 07) that he could reei^gnixe the bouea of ** Ctenodus obtiquus ’* with 
e&eUAnty by their luafere and colour, and in a few instances this criteriou possibly led him 
astray. 

t As will appear from a later disouseion of the jaw of Lipterm^ there is good ground 
for thinhiug that the bones here referred to as splenial and ** dentary ' are not pro})erIy 
so named. But since, following Uuxley (P. Z. S. 1876, p. 34), the corresponding bones in 
CmMtue have long been known by those names, we retain them in this description, only 
pladng them in ^ uotatioiMiiarkfi, 
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the Hancock Museum, there is a small angular with the dentary ” still 
in natural articulation with it. This specimen bears a label in Atthey’s 
handwriting, and as he called it simply Ctenodus, articular bone/’ he 
presumably thought it merely a damaged or aberrant angular. It is 
represented in fig. 14, p 180. 

The figures here given will make it unnecessary to describe the jaw at 
length. Restorations in different aspects are given in fig. 12, A, H, D, 
p. 178, and corresponding views of the lower jaw of Ceratodus^ after removal 
of the cartilage, are given in fig. 13, p. 179. It will be seen that apart 
from the difference in the tooth-plates the two jaws are remarkably alike. 
The bones in Sagenodus are very much stouter, hut that is a difference that 
obtains in nearly all parts of the skeleton. 


Fia. 10. 



Saffenodvit, Keconatruction of palate, showing pterygoids in natural 
articulation witJi the paraspheiioid. The postero-laleral wrings 
(<][uadrnte rami) of the pterj'goids ar« shown flattened into 
the sapie plane as the parasphenoid. 

The bones that differ most in the two forms are tiie “ dentaries,” for 
though they are much alike as seen from below, the '* dentaries *’ in 
^genoduB take a more essential share in forming the jaw than they do in 
CeratoduB. In the latter fish they are papery bones feebly connected with 

S^ffenoduB (fig. 15, 

p. 180) they are strong Iwnes firmly nnited with the aiigulars, which have a 
pronounced groove for their reception along the anterior half of their lower 
edge. But the most striking difference in the dentaries” of the’two fishes 



STUUCTl’nE OF CERTAIN PALiKOZOTC DIPNOI. 


177 


lies ill the form of the hind border. In the “ dentary of (eratodns this 
border is thin and papery like the rest of the bone. In the Satjenodus 
“ dentary it is widened abruptly, and presents a deep, polished face toward 
the gular space (fig. 15, D, p. 180). Tliis part of tiie jaw is, in fact, 
finished off in almost precisely the same way as the corresponding part in 
/Hpterus^ and, as we show later, for the same purpose ; to form a bearing for 
gular plates. 

All the elements of the jaw are as variable as the teeth have long been 
knowm to be. Kig. 12 E, p. 178, shows that some jaws are deeper than that 
figured above it at C, and certain angnlars in tlie Attliey Collection w^ould fit 

Fig. 11. 



^ d 

• tSupposed Quadrates, X about i. 

A, B. Supposed to be of Ctefiodw, 0, 1>. SaffentHitts, (A and B are opposite sides 
of the same apecimeu : C and D are opposih; sides of two different specimens.) 

a jaw of this deeper form. Otlier angulars suggest an even shallower jaw^ 
than C. Well-preserved nngulars show that lioth the upper and low'er borders 
of the bone were rolled inwards very considerably ; the lower part towards 
the middle of its length formed a sort of floor inside (fig. 12, F, p. 178), 
and the upper edge boars a bracket for the support of the hack of the tooth- 
plate, as was noticed by Attliey (1877, p. 228). Very small angnlars, of 
3 or 4 cm. in length, not having been seriously crushed, exhibit this inward 

12 * 



178 


TBOF, D. M. S. WATSON AND MB. B. L. GILL ON THB 


rolling of the upper and lower borders very markedly. The “ dentaries are 
even more variable than the other bones of the jaw, both as regards shape 
and surface cliaracter. Three different patterns are shown in fig. 15, p. 180. 
Tlie “ dentary there marked 0 is one of the shortest in relative length und 
deepest at the symphysis ; some are even narrower than the one figured at A. 
The symphysis itself is commonly of the character shown in D, much like 
that of the “ splenial in fact ; but a (|uite different type occurs in wdiich 
the dentaries ” were united by interlocking sjnnes, as shown at A. The 


Fio. 12. 




Sagenot^ ^coiistiuction of lower jaw, X J. A, doreal, Jl, ventral, C latenl 
D, medial aepecte; li, “eplonial,” from the outer sid..- p »„«»!« r,„' „! * • j 

eide; angular ; “denterv *W=«nlenial . ’ I tl*o menial 

(Compare with fig4. 13 of Ceratodus aud 27 of Vtmodm\ p'i? 


H». pin i» tk. i. often oonlinood on tW >■ J^terr ” .nd 

where this is the case one of the pits seems regulariv to lie on 

(8g. Id. p. 180). ll«.r poiorior Z 

often a row of three or four much smaller pits. In somn • e 

“dentaries” tlie posterior borders would apparently meet across tha^"*”l,i? 

lino in nn ...n in oBter. titete 
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sjmphjsisj soinetinios considerably more so than in 15, C, ]>. 180, and 
together they must have produced a small backward process at the middle 
line (fig. 16, B, p. 181), a difference that would be refiected in the shape of 
the gular plates which adjoined the “ dentaries ” behind. 

Fig. 13. 








E F 

Veratodui {Seoceratodns) fornten. The bones and tooth-plates of the lower jaw. A, dorsal, 
B, ventral, C, lateral, 1), mesial aspects; E, “spleuial" from the outer side; 
F, angular, from the mesial side. (Reference letters as in iig. 12.) 

llie Gitlar Plates. 

The absence of gular plates has l)een given as one of the diagnostic points 
separating the Otenodontidse from the Dipteridae. The similarity of ilic 
hinder border of the dentaries in Sagmodus and Th^term led us, however, 
to look for something in Sagenodus to correspond with the gulars which arc 
applied to this border in IHpterus^ and this we believe we have found in the 
bone represented in fig. .16, A, p. 181. There arc three examples of this 
hone in the Atthey CoUection. One of them occurs on a slab of shale 
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among the scattered but practically complete remains of a head of Sagenodus ; 
the other two are detiiched. It is a bone of graceful form, delicately striated 
on one face in lines converging towards a small tubercle near the blunt end. 
The other face is smooth. Fig. 16, B, \k 181, shows the size of the hone in 
relation to the lower jaw and the manner in which we suggest that it fitted 



Sagenodus ap. Right angular and deni ary ” in natural association, X IJ. 

in the gular space. Comjniretl with the extensive giilar apparatus of 
Dipterus^ described later, it is meagre, but it is much v/hat might be looked 
for in a fish wdiich in so many respects is a transitional form between the 
early Dipnoi and Ceralodtis, 


Fro. 1*5. 



Sagenodus. A, 11, C, outer surface of three “ dentarieH, ” x about j{ ; I), inner 
surface of a left “dentary,’* oblique view showing the character 
of the symphysis and of the binder border. 

The Opercular Bones, 

Next to the teeth, the operculum is prol)ahly the host^known of the remains 
of Syetuxlm. In proportion io the head us a whole, it is remarkable for 
its 8126 and massiveness. Its manner of attachment to the skull has been 
described already (p. 169). In common wilb the other hones, it varies greatly 
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in outline, but the form sliown in fig. 20, p. 18tJ, is a good average. The 
variation consists for tlie most part in the greater or less development of the 
hinder lobe of the bone. Them is every gradation, independently of size, 
from a form in which the body of tin* bone is fairly symmetrically disposed 
under the centre of tlie hinge-line, to an extreme but quite common pattern 
in which the hinder border is so prominent that the centre of the bone lies 
below the posterior knob, behind the hinge-line altogetlier. In tliis latter 
pattern of operculum the posterior knob is always greatlj' de,veloped and 
the anterior one almost obsolete. Opercula of thi^* type have been figured 
by Miall (1S81, fig, 7, where they are shown ujiside down j.' and by Willi-ton 
(ItSlt'b pis. Ibl & 3G) in hi< description of ^S'. cofteanus, 

A small bone, •hitherto undescrilied, which we lake to be the Svh^ 
operculum^ occurs in several of the crushed heads of Saifemuhts which we 


Fio. 16 . 



SfTf/fftotfujt. \, left y fruliir, inner snriuce: 11, diagram, showing the 
probable portion of the gulav'*. 


have examined ; it is shown, for cxainph% on the slab, part of which is 
represented in fig. 18, p. 183, and in the head in the Manchester Miisenin 
(L. 10SH14) described and figured by Watson and Day (1916). It is a 
bone of an inch to an incli-and-a-half in length in an average skull, and is 
recognizable by its triangular point (see fig. 18, A, p. 183). Completely 
preserved examples, such as those represented in fig, 7, p. 172, show that 
lialf the bone nas fairly thick and strengthened by a rounded ridge, while 
the other half consisted of a thin flange which might easily he lost. Its 
disappearance would give the rest of the bone a much more jiointed shape, 
such as is seen in fig. 18, p. 183. The sub-opercnluni of Ceratodus (inter- 
operculum, Huxley), to judge by a dried skull, would much resemble this 
hone if its cartilaginous fringes were ossified. No specimen that we have 
seen shows this bone in its natural position, but on two out of the three slabs 
on which we have found it, it lies close to the squamosal, which may indicate 
that it was applied to the front rather than to the hind border of the 
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Sagenodus, Bones of the shoulder-girdle. A, right post-temporal, outer surface; B, (he 
same, inner surface ; C, right cleithrum, outer surface ; 1), the same, inner surfim ; 
E, right clavicle, upper (chiefly internal) surface; F, the same, lower surface; 
6, right clavicle, iniperfect, to show the cracks which result from the fUttening of 
the boue.' in E and F the bones are represented as datteued, hut witiiout the 
cracks. X j|. 

{The elements of the shoulder-girdle are seen in natural association in fig. 19, p. 185.) 
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Fia:is. 



Saffwodui, Anterior portion of a specimen in tbe Atthey Collection, x about A, dorsal 
B, ventral surface. left clavicle; ri^'bt clavicle; right cleilbruni 

r.or., drcumerbital ; npX^ left operculum ; op.r.y right operculum ; par,9p,, panispheiioid : 
jit.| pterygoid; ptienL^ post-teroporals ; sub-operculum ; foAA, left tabular horn 
covered by a scale. 
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opercnlniii. In the restoration (fig. 20, p. 18fi) we have assumed that the 
edge of the operculum overlapped the thin flange of the sub-operculiim. 

A bone labelled “ siibopercular ? was figured by WilHston (1899, pi. 36, 
fig, 3). Though it is not much like our bone in shape, it may possibly be 
another form of it. 

The Shoulder- Girdle. 

The first bone of the shoulder-girdle to be recognized was the clavicle, 
which was correctly described by Hancock and Atthey (1872). Since then 
the only investigator who has contributcKl usefully to wdiat is known of this 
part of* the skeleton is Miall, who noi only published figures (rough and 
impeij^ect it is true) of the clavicle (1881, fig. 11, “ coracoid ’’), but also 
figured the cleithruin (fig. 10, “scapula'’), till then uidviiown, and made 
(pp. 296-7) some suggestions, novr in the main confirmed, ns to the way 
in which those bonc.s vrere arranged in the girdle. Miall aildejl another 
bone (fig. 9) as the “ supra-scapiila/' but we can find nothing like it, and 
it certainly forms no part of the shoulder-girdle of S(((/etiodtfs, Fritsch 
discussed the shoulder-girdle at length, but the upshot, in the restoration 
which he gave in text-figures 158 and 16(), p. 81, was anything hnt a happy 
application of his perfectly sound principle that Gerafodus was the l»e.st 
guide to the structure of “ ('teuodus.^^ 

In the case of the should<*r.girdle, again, the figures hero given (figs. 17, 
p. 182, and 19, p. 185) may largely take the place of a detailed descrijdion ; 
and here again, as with the lower jaw, there is such a strong similarity t(» 
the corresponding parts in Ceratodu^ tliat the comparative outlines given 
in fig. 19 are practically self-explanatory. 

The history of the discovery of the tdavielo and cleithruin has lieen 
indicated above. The third bone, the post-tem{>oral, lias also long been 
known. It was fully discussed by both Miall and Fritsch, and on the 
strength of a certain resemblance to the combined squamosal and quadrate 
of Ceraiodus they both figured it as the squamosal (Miall. fig. t) ; Fritsch, 
text-fig. 153, p. 75). The clue to its real nature, as well as to the arrange- 
ment of the shoulder-girdle in general, was given by a fine s])ecimen in the 
Atthey (Collection, the pertinent jiortion of which is represented in fig. 18, 
p. 183. On its upper surface? this specimen is chiefly noteworthy as being 
the only example we have mot with which shows the operculum in its natural 
relation with the skull. It also shows the uppijr end of the right cleithrum 
from its outer aspect. On the under surface, as it was left hy Atthey, the 
most prominent objects were the two clavicles, lying in nearly their nataral 
position ; the removal of masses of overlying scales has disclosed other 
structures which appear in our figure (fig. 18, B, p. 183). The right 
cleithrum and clavicle are in natural articulation. Underlying the left 
clavicle are the two post-temporals, the left one showing its strong anterior 
process projecting beyond the clavicle in front. Underlying the post- 
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temporals, again, is the parasphenoid, the backward jirolongation oE which 
is seen emerging from beneath tliem. The only other specimen we have 
seen showing the connection of cleithruin and clavicle is a detached example 
oE these two bones in the Royal Scottish Miiscuiii. 

A few remarks are calle«l for on points of detail. As wdth other hones of 
the .skeleton, those of the shoulder-girdle arc variable, the cleithrum especially 
so. The inner face of the cleithrum is flattened ; the outer is convexly 
thickened tow'ards the upper end, and is strengthem‘d by ribs of hone running 


Fio. 19. 



Sagetwifus and CeriUodm, Comparison of Bhou]der-girdlej». 

A, R. Right aide of ahoulder-girdle of Sagenodits. 

C» I>. ,, „ „ Ceratodus^ with the bones supposed 

flattened as are the fossil bones of Sagemdus, 

£, F. Right side of shoulder-girdle of Ceratodus, with the bones in natural shape. 
(Outer views on left, inner on right.) 

upwards £ro?n the junction with the clavicle. Crusln’ng has often resulted in 
these ribs being more or less plainly printed through on to the inner face. 
The cleithrum ends below in a transverse edge which is received into the. 
head of the clavicle, and its hinder bonier is produced into a flattened and 
pointed process which fits into a slot in the back of the clavicle. The 
expanded upper end of the clavicle, with its deep pit for the attachment of 
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mudcle, forms the “hatchet-shape” which Hancock and Atthey attributed 
to this bone. 

Apart from the much greai^er strength of the bones in Sagenodus^ the 
points of difference between its should<‘r-girJle and tliat of Ceratodus are 
insignificant (fig. 19, p. 185). The strong forward process of the post- 
temporal in S'tgenodns is plainly associated with the presence of a tabular 
horn, to which it was doubtless attached by its truncated point. In 
Ceratodus the post-temporal is merely attached to cartilage. The process of 
the cleithrnm which serves to stiffen the union with the clavicle is repre- 
sented in Ceratodus by a pyramidal point (fig. 19, />.), vrhich if the bones 
were flattened would lie in th<^ mhldle of the internfil face inst<‘ad of on the 
hinder border. In Ceratodus the muscle-pit in the head of the clavicle is 
divided by ridges into two or three pockets, but ji^oine of the clavicles of 
Stfffenodus show an approach to the same condition. Finally, there can 
be no doubt that the blade of the clavicle was twisted as it y< in Cemfodns^ 
so that what appear in the flattened bones (fig. 19, A, H, p. 185) as its npjmr 

Fio. liO. 


Sagenodus, Restoration of skull and ahouldor-airdle, in side view, x 4. two of the 

circumorbitals ; rm.L, vomerine ** tooth.” Each bone is founded on epecimens in the 
Attbey Collection, but the association uf the circumorbitals is conjectural. 

and lower edges were in life the inner and outer edges respectively : while 
the surface represented in fig. 17, E, p. 182, and fig. 19, A, p. 185, is really 
the upper and internal surface, and that represented in fig. 17, F, mid 
fig. 19, B, the lower and external. This will be understood from a compurisou 
between the outline drawings in fig. 19, where the middle figures, C end D, 
show the shoulder-girdle of Ceratodus as it would appear if it were flattened 
out, like the bono'^ of Sagenodus^ by fossilization in shale. The actual 
specimens of the clnviolo of Sagenodas show abundant evidence of httviug 
been strongly curved, for the flattenfng has produced a system of gaping 
cracks on the sraootli inner face of the bones (fig. 17, 0, p. 183), One 
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remarkable specimen occurring on a slab of shale in the Atthey Collection 
has, indeed, retained its original shape, though surrounded l>y other bones of 
Saffenodus ’vliich have all snflFered the usual flattening. It should be added 
that the faces of the clavicle identified almve as uj>per-and-internal and as 
lower-and-oxternnl have, as the figures show, all the character of internal 
and external faces respectively. Minll described and figured an articular 
area on the broad lower en*l of the claviede. and he siitrgested that the 
two claiides met each other at an acute angh* in this articulation. Well- 
preserved examples, however, show no such articular area, nor would 
they fit together at all exactly hy their ends. In all probability they 
were connected, as in Cemtodus^ by an inbjrclavicnbir (tartilage. 

We have nothing to add to what has already been j)iiblislied regarding the 
structure of the body, fins, and scales. There is every reason to suppose 
that these parts of Sagenodus ari^ closely reproduced in the existing 
Ceralodifs. 

The Speeies of Sagenodus. * 

A glance at the portions of cranial roofs shown in outline in fig. 2, p. 105, 
will suggest that they represent more than one sjjecies of Sagenodiifi, At 
least one further species is certiiiiily represented .by the zoned and polished 
skull-bones found so abundantly in the Bohemian Gaskoble and in some 
numbers also at Newsbain {rf. fig. 4. 1), p. 108). But there is rarely anything 
distinctive about the teeth in the cases where it is possible to assign them 
with certainty to any jmrticular pattern of skull, ami there is little ground 
for attaching the slightest value to most of the specific naiiievS founded so 
freely on the teeth. Most parts of tho skeleton, and especially perhaps the 
parasphetioids, the separate elements of the lower jaw, and the opercula, 
show varieties of pattern as import^mt as those of the cranial roof and the 
teeth ; and until the different patterns of all these parts have been studied 
and correlated there will bo little use in applying specific nmnesio Sagenodus 
at all. Such a study would be extremely difficult on account of the frag- 
mentary nature of the evidence, and it might very possibly result in the 
conclusion that Sagt nodus was, in its sphere of life, a dominant form in such 
a fluid evolutionary stage that it would be for the most part imposNible to 
apply to it the ordinary conceptions of a species. 

FrUaoh's^fyurts of the Cranial ^ Sagenodus. 

Fritsch’ft figures are beautifully drawn, and form a valuable atlaSof the detaidied bones of 
but tbe fact that so many of them are unideutified detracts from their usefulness. 
Some of these unidentified bones are named in the following list : — 

Plate 71 (Ff^a der Oaskohle, vol. it. part 2 , 1899) : fig. 10, right intertemporal ; fig. 1 1 , 
right nasal. 

Plate 72, fig. JO, left " tabular." 

Plate 74 includes a good selecfibn of different forms of ** parietals " ; fig. o, an extreme 
example of tbe rectangular type. 
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Plate 76, figs. 1-11, marginal ossicles, but including some ordinary roof-bones of small 
fisbes, e.g, fig. 6, squamosal; 3, intertomporal : fig. 14, left intertemporal; 12, 19, 
circumorbitals ; 20, 1. ** tabular*’; 22, r. intertomporal; 24, 1. squamosal; 25, 1. 
frontal ; 27, r. tabular ” ; 28, r. squamosal, underside ; 29, 1. frontal, underside ; 
32 , 1. tabular,” underside, with one of its Inleral bones ; 83, nasal, underside ; 
84, fragment of squamosal ; 37, mai^dnal ossicles; 39, r. nasal. 

Bate 77, fig. 17, “ tabular.” 

Plate 78, fig. 6, post-temporal. 

Ctknodits, Agassi/. 

The genera CUnodus and Sagenodus were separated primarily on the 
characters of the tooth-plates, though wlion Owen first published the name 
Sagenodus he was under a misapprehension as to the nature of the tooth- 
section on which he founded it. Siiic<‘ the publication of Dr. Smith 
Woodward’s “Catalogue of Fossil Fishes’" (vol. ii., 1891), the name Ctenodus 
has been generally applied to tooth-plates with about 12 or more ridges, 
roughly parallel, as contrasted with the others ( Sagenodus) having fewer, 
usually 6 or 7, ridges, with a strongly-marked radial arrangement. If this 
were the only distinction between the two genera it would be difficult to 
maintain, since tooth-plates of intermediate character occur in the Lower 
Carboniferous of Edinburgh. There are, however, many other distinctive 
characters independent of the difference in the teeth ; and in spite of a 
general resemblance which shows the two genera to be nearly related, the 
additions which we are able to make to what was known of each of them 
tend still further to justify their separation. 

Sagenodus having been dealt with already, Ctenodus can be sufficiently 
described, with the aid of figures, on brief and comparative lines. 

In most or all of the beds and horizons from which we have had material 
for examination, remains of Ctenodus are much less abundant than those of 
Sagenodus^ and there is consequently more difficulty in ascertaining its 
skeletal structure writh completeness. In particular there is in the collections, 
up to the present, an almost entire absence of specimens such as were of the 
greatest help in the case of Sagenodus^ namely slabs bearing the scattered 
remains of some oon.siderable part of an individual fish. We have never yet, 
for example, seen any considerable part of the slioulder-girdle of Ctenodus 
in association with other portions of its skeleton, and the bones which we 
take to be those of its shoulder-girdle are assigned to it without absolute 
proof, though on strong grounds of probability. 

The fishes of the genus Ctenodus were of decidedly larger average size 
than those comprised in Sagenodus. Nine or ten inches is a usual length for 
skulls of Ctenodus, as compared with five or six inches for skulls of 
Sagenodus. 
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7 he Roof of the Skull, 

The skull o£ Ctenodus was ossifiod to tlio same extent as that of Sayenodus^ 
and similarly shows no trace of ossification of the neural chondrocranium. 
A comparison of 1, p. ]fi4, and fig. 21, helow, will show that the skull- 
roofs of the two genera differ considerably — more, in fact, than any other 

Fio. 21. 



** tabular '* ( as tabular + supratemporal). X about i. 
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part of the skeleton, — but that the general plan is the same. In the posterior 
rei^on the correspondence is very close. The main points of difierence may be 
broadly stated thus : in Ctenodvt the two median bones (par. and i.Jr.) are 
much smaller and the bones of the nasiil region much larger, n bile there are 
two pairs of bones in the frontal region instead of only one. As far as its 
skull-roof is concerned, Ctenodus, being nearer to the Devonian Dipterus, is 
presumably the more primitive ; and we may iisefnlly think of the skull-roof 
of Sac/enodus as being derived from that of Ctenodut by a great rediiotion of 
the snout region together with an increase in size and eventual meeting of 
the two median bones, both processes together resulting in the compression, 
and finally in the fusion, of the frontal and post-frontal on each side. 

As long ago as 1872 Hancock and Atthey correctly pointed out, ns one of 
the main features distinguishing the skull of Ctenodus proper from that of 
Sagmodut (“ Ctenodus oUiquus ”), that the two median bones of the roof are 
separated and that the hinder one consequently has a pointed instead of a 
concave anterior margin. Dr. Smith Woodward (1891, p. 250) refers to the 
same distinction when he states that there are “ two median occipital plates ” 
in Sagenodus and only one in Ctetwdvt. He also gives (pp. 252-3) the only 
extended description hitherto published of the skull-roof in Ctenodut, but 
the specimen on which he founded it (B.M., P. 5031), figured in pi. 4. vobii., 
of his catalogue, is not well preserved ; it'shows for the most part impres- 
sions of the under surface of the bones, and their outlines are too indistinct 
for accurate representation. The same specimen was roughly figured by 
Fritsch (1889, text-fig. 156), but as he failed even to identify the middle line, 
his observations on it (p. 98) vtere not helpful. 

Another specimen (now in the British Museum, P. 7300) was also roughly 
figured by Fritsch in his text-figure 155, and is represented in outline in 
our fig. 23, A, p. 192. It is chiefly remarkable as showing a considerable 
ossification in advance of the nasals, in the form of a radially. ribbed fan. 
Fragments of a similar fan in the Atthey Dollection are shown in fig. 22, 
p. 191. Except at their outer edge, the bone composing them is as thick 
as that of any other part of the cranial roof. 

The presence of an internasal is a further point of distinction from 
Sagenodus. The form of internasal shown in fig, 21, p. 189, of which two 
specimens are known, is possibly characteristic of Ctetiodut eriiAatut. ' The 
form figured in B, fig. 28, p. 192, may similarly be ebaraoteristio of 
“ C. interruptui." 

The bones of the roof proper in Ctenodus seem to be about as variable In 
shape as in Sagenodus. The specimens we have examined show tbit the 
most variable elements are the interfrontal, .internasal, and post-frontal 
(compare fig. 21, p. 189, with the onUiffes in fig. 23, p. 192). From the 
condition of the available specimens it would appear that the eleroents the 
cranial roof of Ctenodut were more firmly united than those dl SagtMdut, 



BTBUCTUBE 07 OBBTAIN BAL^UZOIC DIPNOI. 


191 


for they very mrely occur as isolated bones, whereas isolated roof-bones of 
Sagenodu$ are abundant. 

The eircumorbitals of Ctenodut are shown only in one specimen among 
oar material, and this is represented in outline in fig. 23, B, p. 192. In 
number and in general arrangement they appear to differ little from the 
eircumorbitals of Sagenodus, except that a small bone, partially embraced by 
the squamosal and post-frontal, occurs between them and the bones which 
actually enter into the orbit. This, however, may be an arrangement 
peculiar to “ Ctenodus interruptus.” 

In addition to the eircumorbitals there are, as in Sagenodua, some bones 
filling in tlie space to the outer side of the nasals. They arc not completely 
shown in any specimen that we have seen, but tb«>y obviously vary a good 
deal in shape (mar., fig. 21, p. 189, and fig. 23, p. 192). The single one shown 
in fig. 21 is represented as an impression of the underside, which is all that 
had been seen of it when the figure was draw'n. 


Fio. 22. 



Fragments of the prenasal fan of Ctettodua, x f. 


The Palate, 

A comparison of fig. 10, p. 176, and fig. 26, p. 195, will show the close 
resemblance between the bones of the {mlate in Ctenodus and Sagenodus. 
The tooth-plate of Ctenodus is larger (fig. 8, p. 173), the pterygoid behind it 
is of rather more slender form, and the parasplienoid (fig. 25, p. 194) has 
a more prominent median ridge on the buccal face of the lozenge. The 
shaft of the parasphenoid is more abruptly expanded, and shows a pair of 
pits close behind the apex of the lozenge. On the cranial surface the ridges 
and grooves of the shaft are much more numerous than in Sagenodus (of. 
fig, 0, p. 174), and are continued forward to the centre of the lozenge, 
where they nearly meet the corresponding ridges from the anterior process. 

In the larger parasphemfids, some of which are nearly a foot in length, 
the median ridge of the lozenge is swollen and club-shaped (fig. 26, p. 195), 
and it seems to be usndi for the rig^i-band pit of the pair behind it to com- 
municate directly with the central groove of the shaft, us shown in fig. 25, 0, 
p, 194. The appearanoe is sdggestive of the crosring of a pair of longitudinal 
unr. louBK.— aootoGT, woi. xxxy. 13 



192 


PBOF. D. M. S« WATSON AND MB. E. L. GILL ON THE 


muscles. The species “ Ctenodm interniptus^^ from the Lower Carboniferous, 
though proved by its cranial roof (fig. 23, B, p. 192) to be a true Ctenodusj 
has a palate and tooth-plates which in all respects much more nearly rcsemhlc 
those of a Sctgenodvs (see fig. 24, p. 193). 

The Quadrate. 

The bone which we lake to be the quadrate of Clenodus is represented in 
fig. 11, A and B, p. 177, There are two or three examples of it in the 
Atthey Collection, and one of them was labelled by Atthey himself Cienoduf^ 
os quadratum.” Fig. 11, p. 177, shows sufficiently how it differs from the 
quadrate of Sagenodus^ the most striking difference being the much smaller 
development oE the longitudinal ridge on the inner side. 


Fig. 23. 




A. Cranial roof of a specimen of C\ cristaim from Longton, Staffs. B.M.X.If. 7800. 

B. Cranial roof of “ Ctenudus interruptus^ Barkas/’ Dunnet shale, Straiton, Midlothian. 

1895/156/12, B.S.M. Of importance an being the most perfect cranial roof of this 
species existing, and showing more connected circutuorhitals than any other specimen 
of Ctenodwt known. The detached circumorbitals are preserved on the counter slab, 
and really partially underlie those which are attached to the roof. A palatal tooth, 
omitted from the figure for the sake of clearness, establishes the specific identity of 
the specimen, x 

The Lower Jaw. 

Remains of the lower jaw of CtenoduM are scarce, but specimens from 
^ewsham in the Atthey Collection and in the British Museum make it 
possible to reconstruct the jaw as has been done in fig. 27, p. 196. In 
general plan, and to a large extent in detoil as well, it agrees with the jaws 
of Sagenodus (fig. 12, p. 178) and Ceratodus (fig. 13, p. 179). The chief 
difference is in the greater breadth of the tooth-plates and, correlated with 
it, the greater width of the dentaries.'^ Instead of coming almost or quite 
to a point in front, as do the *^dentaries” of Sagenodus, those of Ctenodue 
have a wide anterior edge and carry the front ends of the angulars some 
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distance outwards from the middle line. Another result of the greater 
breadth of the tooth-plate is that it is supported posteriorly, not^ as in 
Sagenodus^ by a bracket on the inner face of the upper l)order of the angular, 
hut by a pocket in the same position on the outer face (see fig. 27, E, p. 196). 
The ‘*splenial” is a much weaker bone than in cither Sagenodus or ( 'eratodus ; 
its symphysial end is fairly strong and some part of it is commonly to be 
seen projecting in front of the mandibular teeth, but behind the symphysis 
it is so thin that it has usually been folded or crumpled beneath the tooth- 
plate in fossilization. 

The posterior edge of the “dentaries*’ is thickened and |>olished precisely 
as in Sageuodfts^ and no doubt there were gular plates fitting against it, but 
so far we have not found auy bones that we could identify as gulars of 
Ctenodus, 


Fio. 24. 



" Ctem^dus inierruptw, Barkas.** 

Pterjgt)id with teeth and paraspheuoid, oral aspect, X 
Oil shale of Broxburn, Midlothian (1902-78, R.S.M,). 

The left pter}'goid is entirely, the right very nearly in natural 
articulation with the paraspheuoid. 

The Opermlum seems to have been exactly like that of Sagenodus. 
Several specimens in the Atthey Collection are too large for any known 
skull of Sagenodus^ and these at least presumably belong to Ctenodus ; but, 
npart from maximum size, we can point to no definite character by which 
opercula of the two genera may be distinguished. A sub-operculum was 
doubtless present, but we have not yet succeeded in identifying it. 

The Shoulder^Girdle, , 

As already stated, we have never yet seen well-preserved bones of 
the shoulder-girdle associated with undoubted remains of Ctenodus. 

13* 
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Nevertheless we have little hesitation in regarding the boBes shown in 
fig. 98, p. 197, as the cleitfarom and claviole. Both are weU represented in 
the Atihey Colteetion ; from comparison with the corresponding bones of 
Sagtnodm (fig. 17, p. 182), there can bo no donbtthat they are ttie cleithram 
and clavicle of a Dipnoan ; and both reach too large a size to belong to any 
known form of Sagenodvt. The cleithram (fig. 28, A, p. 197) is fonnd up 
to 7 inches (33 cm.) in length, the clavicle to at least 6 inches (30 cm.). 
The cleithram differs from that of Siujenodut chiefly in having its hinder 
half (the npper part in A, fig. 28, p. 197) greatly thickened instead of 


Fio. 26 . 



A C B 

Ctenodus eristatus. Panwpbenoid. 

A. Buccal aspect. B. Cranial aspect. 

C. .function of disc and shaft in large examples. 

being strengthened by longitudinal ribs. Moreover, on its outer side this 
thickened portion has the character of a superficial bone, as though it had 
come to the surface under the skin behind the operculum as in JlHpterui, 
instead of being buried in muscle as in Ceratodut, and as it presumably was 
in Sofffnodut too. 

The clavicle (fig. 28, B, 0, p. 197), though it has the same essenthd 
sfo’ueture as that of Sagenodu$, differs from it in having a longer articular 
head and a narrower and stouter shaft. We have found no spedmens with 
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perfectly preserved heads, and oar figure is therefore less complete in that 
part than the corresponding figures for Sagenodus (fig. 17, p. 1 82). Miall 
had apparently seen examples, though still more imperfect ones, of the same 
bone (1880, fig. 12), and he evidently suspected tliat it belonged to the 
shoulder-girdle of CUnodua proper, for he labels it “ Ctenodvs crittatus or 
tuhtreulatus? Coracoid.’' 

We have found one or two bones which may prove to be post-temporals 
of (JteiioduSf but have not been able yet to identify them with any approach 
to certainty. 


Fig. 26. 



CUnoduM erutatui. Pterygoids with their teeth, in natural articulation 
with the parasphenoid. Quadrate rami shown flattened into the same 
plane as parasphenoid. x j. 


2 he Specie t t^Ctenodus. 

Dr. Smith Woodward was probably well advised in reducing the specific 
names tvhereidatu$y ovatue, etc., to the position of synonyms of C. I'ristatvs. 
^e tooih-plaies of Ctenoditt, on which all the specific names hare been 
founded, are if anything more variable even than those of Sagenodus. They 
are, in fisot, likely to be so, sinoe they represent a departure from the standard 
Dipnoan type of dentition as established in Diptents and carried on in 
Sagemdut and Ceratodua. A perfectly distinct species, however, is the 
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extremely interestiDg early form whicli we^ following Traqnair’s usage, have 
referred to as “ Ctenodus inierruptus^ Barkas.” (If Dr. Smith Woodward's 
diagnosis of this species, ^ Catalogue of Fossil Fishes/ part ii. p. 254, 
accurately represents Barkas^s intention in founding the species, the name 
cannot properly be applied to the specimens in the Royal Scottish Museum 
which Traquair referred to it.) The ASa^rnodtef-Iike teeth of this fish (fig. 24, 
p. 193) are in the strongest contrast with thoso of the latest known species, 
C. muTchisom^ Ward, from the Upper Coal Measures, which have about 
twenty practically parallel ridges. 

Fio. 27. 




Ctmodm, Lower jaw, x 

A. Reconstruction of lower jaw, from buccal aspect 

B. Ventral aspect of the same. 

C. Left ramus, outer aspect. 

„ inner aspect. 

E. An angular and dentaiy in natural articulation. From two anecimens 

in tho Attlioy Collection and the Srituh Museum rcspcctiTcly. 

F. The same, inner surface. IVom tiie Atlhey specimen. 

(Compare figs. 11 and 12, pp. 178, 179.) 

Fritsch’s Ctenodut iardus from the 
Bohemia, represented . in his Taf. 80 b, i 
drawing o£ the bones of the sknll-roof 
neither a Ctenodtu nor a SagenoduB. 


Brandschiefer (Lower Permian) of 
s^ apparently a Dipnoati ; but if Ma 
is at all accurate, it was certaioly 
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Ctenodns, Sagenodus, and Ceratodus. 

The close correspondence which has been traced in the structure of these 
three genera, notably as regards the palate^ the lower jaw and the shoulder- 
girdle, leaves no doubt as to their near affinity. The structure of the skull- 
roof, if followed through the same three fishes, shows less constancy ] on the 


Fio. 28 . 




Ctenodifn? A. Cleithrum, B, C. Clavicle, upper and lower surfaces. 

Both bones are represented by numerous specimens in the Atthey Collection. 

other hand, it shows an interesting progressive change, starting from the 
pattern first established in Diptems platycephalus. The change consists in 
the expansion, at the expense of the surrounding bones, of the median 
** parietal and interProntal, together with the reduction of the bones of the 
snout region (nasals and prenasals). From Dipierus to Cienodns' the change, 
though obviouSi is not great. From Ctenodus to Sagenodus it is in both 
respects very marked ; in Ceratodus it has been carried to an extreme, for 



\t'io.29A. 


Den. 



Fis. 29 B. 


Conchopoma gadiformU, Kner. Dra^n from gelatino cmIr from the two halves of % 
specimen in the Rojai Scottish Museum, x 1. 

A. jOoisal surface of head. Ano., anoular ; C.Hym ceratolijal ; Dkn., dentaiy ; Fb. 4- IXt 

frontal + intertemporal ; 1.1 b., interfrontal; L.Clei., left cleithrujn; Na.. nasal; 
Of., operculum; Pab., parietal + d^in^o-supraoccipitsl ; ]Vu,6f., paraaimcnold; 
Pfi.FB., prefrontal; Pt., pterygoid; R.O 1 .KI., right cleithrum; R.P.AJtT.| ri^t 
pre-articular ; S.Of., sub-opercuhim ; Bq., ^*squamosfil*’ ; Tab., tabular 4* supra- 
temporal. 

B. Ventral surface of head. Reference letters as before, with L.Pt., left ptomoid; 

L.Op., left operculum ; R.O1.AV., right clavicle ; R.Op., right operculum ; M PT^, 
right pterygoid. The mass of hone between Pak.Sf. and L.Clki. is the ezo^pitalk 
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the bones of tho snout region have almost or quite disappeared, and the 

parietal ’’ and interfroiital cover the whole median tract of the top of tho 
Jiead. 

The compression of the lateral bones of the skull-roof brought about by 
this expansion of two of the median bones appears to have resulted in corre- 
sponding degrees of disappearance or fusion. Thus in Saaenodm there is 
•only one pair of bones in the frontal region as compared with two in 
Ctenodus and three or more in iJipterns platyceplialm. Ceralodns is extreme 
in this respect as in the others : all the bones of the frontal, temporal, and 
tabular regions on each side seem to be represented as a rule by a single 
ossification. 

Conchopoma^ another Dipnoan appearing late in order of time and <le- 
scribed below, furnishes an interesting parallel to Ceratodus. Though none 
of the processes have gone as far as in Ceratodus forsteri^ yet the tw'o median 
bones are greatly expanded, the bones of the snout much reduced, and 
those of the lateral part of the roof extensively fused. 

Several of the minor characters of the bones of tbe head in Ceratodus 
ns compared with those of Satfenodus are plainly correlated with one another. 
The side-to-side arching of the skull-roof, bringing tbe squamosal region 
far down on the side of the head, is connected with the reduction in size of 
the operculum, and also with the shortening of tbe quadrate. 


( 'oNCHoroMA GADiFORMis, Kuer. 

The rare fish from the Lebach Shales (uppermost (Carboniferous) of 
Saarbruck, called Conchopoma (jadifomh by Kner, has never been at all 
adequately descrilted. There is In Edinburgh a very large individual, pre- 
served in an ironstone nodule, which makes the structure very nearly com- 
pletely known. It was prepared by softening the already rotted bones with 
dilute acid and removing the residue by brushing. Casts from the moulds so 
left show all surface detsiils extremely well. 

The general morphology will bo obvious from fig. 29, p. 198. The 
skull has the usual Dipnoan structure of an extensive cartilaginou» neural 
cranium, which seems to have been considerably ossified in the exoc*.cipital 
region. The bead is roofed by a continuous shield of membrane bones, 
which, although now flat, seems from its cracked condition to have been 
originally considerably curved. This shield consists posteriorly of a row of 
three bones, of which the median ^^parietar' is longer than the lateral 
tabnlar. The parietal has a low median ridge on its visceral surface : the 
** tabnlars are concave ventrally and now no signs of attachments. 

The parietal ** articulates with a median interfronhil, and tliese two bones 
have long lateral attachments to tlie very large bones which include the 
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f rentals ; these bones articulate with the tabular behind, and seem just 
to reach the free anterior edge of the shield. 

The lateral edge of the “ tabular ” and “ frontal is attached to a series oE 
bones, the posterior two ? of which are narrow and form that margin of the 
skull to which the operculum is attached; they are imperfectly shown from 
the dorsal surface on the right, and are absent on the left side. Immedi- 
ately in advance of these is a very large element forming an outstanding 
wing behind the orbit. This extends forward and just touches a much 
smaller bone, which forms the anterior and upper quadrant of the orbital 
margin. 

The dorsal shield is completed by a pair of bones which articulate with the 
front margins of the frontals and interfrontul. 

There are no traces of other circumorbitals or of premaxillae. 

The palate presents an interesting modification of the Dipnoan type. The 
parasphenoid has a long, slender dorsally channelled stem, which expands 
into a broad, shovel-sha]>ed, flat bony plate extending forward as far as tbe 
symphysis of the lower jaw. This region of the parasphenoid is covered with 
teeth, small and very closely packed anteriorly, somewhat larger and more 
scattered posteriorly. These teeth are quite irregular in arrangement, but 
little groups of tw’o or tliroe of them are often supported on n common raised 
base ; anteriorly whore the teeth become inconsjiicuous the bases may persist 
as short curved ridges. 

The pterygoid on the left side seems to retain its natural position, standing 
up nearly at right-angles to the palate. 

The bone is very narrow anteriorly, fonning a border to the great para- 
sphenoid and having irregularly arranged small teeth. Posteriorly the hone 
becomes converted into a deep thin flange, which was formerly applied to 
the quadrate and stands nearly at right-angles to the palate. 

The operculum has long been known as a concavo-convex bone wdtli an 
umbo at its antero-dorsal corner. This specimen shows a small bone on the 
right side which seems to be a sub*operculuDi, because of its resemblance to 
that bone in IHpterus and Sagenod%i9, 

The structure of the lower jaw is not satisfactorily shown. There is a 
powerful symphysis formed by bones of the outer surface homologous with 
the ^‘dentarics” of Sagenodvs^ but possibly including true dentaries in 
addition. 

There is a large angular of whose structure nothing can be said. Although 
this lower jaw* lies in its natural position and the mouth is closed, no trace of 
the bones usually called splenial can be seen in it. There is, however, a 
strange tooth-bearing bone with a concave visceral surface lying displaced in 
contact with the right ramus, which apparently can only be this element. It 
differs from the corresponding bone in all other Dipnoi in lacking a postetior 
flange passing back to the articnlar and an anterior symphysis. The twi> 
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ceratohyals are well shown ; they exactly resemble the corresponding bones 
in Ceratodus. 

The shoulder-girdle is remarkable for the very small relative size of the 
clavicle. 

The cleitbrum is a large bone of much greater widtli than is shown in the 
figures, where part of it is hidden by matrix in each case. The upper end is 
comparatively narrow, and is seen to be covered by a very badly preserved 
bone, no doubt the supra-cleithrum. -The inner surface is concave, the outer 
flat with a turncd-in anterior margin ; it has a depressed area for the 
hinder eilge of the operculum. The lower end of the cleitbrum turns 
forward and is largely covered by the sul^oj.erculum, api>earing behind that 
bone only as a narrow strip. 

The clavicle is displaced and shown only from its outer surface. It is 
extremely short, «attaehod to the cleitbrum by a deeply recessed triangular 
area on its outer surface, and widening lH>th way.s ventrally. 

Th(‘ neural arches are thoroughly ossified anteriorly, although there are no 
ossifications in the notochordal region. The anterior neural spines are 
separately ossified from their arches. The ribs are slender, well curved and 
with sliglitly thickened head.s. 

The structure of the median fins is already familiar; there is a continuous 
fin jigreeing exactly in structure and distribution with that of CeratoJiis. 

Tin* pectoral fins are shown by the Edinburgh specimen to be large, typical 
biserial a rclii pterygia, the axis being entirely unossified, whilst the radials of 
both series have short, hollow ossifications. There are very well-developed 
caniptotrichia which do not extend in to overlap the ossified radials. 

The structure of the pelvic fins is not so clearly shown, but they obviously 
agree in general with the pectoral fins, and are nearly as large. 

The scales are not very well shown; they are thin, of considerablo size, and 
marked with very delicate concentric rings of growth. It is impossible to 
say how far forward they extended. 

Conchopoma must have been extremely like Ceratodiu in proportions and 
general build, although the head may have been slightly low’er posteriorly. 

Uronemus splendkss (Traq.). 

The genus Vronemus was founded by Agassiz for some small fish from 
the Burdiehouse Limestone, which have a continuous median fin and an 
apparently diphycerciU tail. To this genus Dr. Traquair referred some 
remains from the Lower Carboniferous, No. 2 Ironstone, Loanhead, Mid- 
lothian, which show many details of skull structure. Beyond stating that 
these specimens show a skull-roof like that of Ctenodns and prove that the 
pterygoids and “ splenials ” bear a single series of large, compressed, low^ 
conicial teeth in addition to a granulation of small denticles, there being no 
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dental plates ol a normal Dipnoan structure, he gave no farther account of 
them, and never published any figures in illustration of his description. In 
1891 Dr. Smith Woodward gave n figure of an isolated “splenial/* since 
when no further details have been puhli'^hed. 

The types are in the Iloyal Scottish Museum, and between them make the 
structure nearly completely known. 

Fig. 80 A. Fig.»30R. 



Uronenm spIendeftSj Traq. Drawn from plasticene squeezes (»f a specimen in Uie 
Koyal Scoltisb Museum, x 1. 

A. Dorsal surface of head. Fii., frontal LF r., iuterfrontal ; J.Txu., intertemporal ; 
L.Ang., left angular ; L.Dkn., leftdeutary; LFAri , left pre-articular; L.rr., 
left pterygoid ; Mx. F, maxilla; N a., nasal ; P.O., post-orbital ; P.V., prevomer; 
FB.Fa., piefrontal; P.Mx.F, premazilla; Par., parietal; K.Axg., right angular; 
U.Dkn., right dentary ; RP.Abt., right pre-articular ; K Pt., right pterygoid. 

£. Ventral surface of heal Deference letters as before, with C.IlY.,ceratohjBl; Ci*8l., 
cleithmm ; Op., operculum ; Pab.Sp., porasphenoid. 

The best specimen is a nearly complete small fish, preserved mainly as an 
impression in slab and counter slab. 

T have prepared it by removing the scanty remains of bone from the 
impressions, and studied it in plasticene squeezes, which reproduce all surface 
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details with great perfection. Other specimens show the cranial roof from 
the visceral surface. 

The cranial roof consists of a series of bones arranged very nearly as in 
CtenodM^ but the three nearly complete examples in Edinburgh differ in 
details. There is a posterior row of three bones, a median ‘^parietal/’ 
which supports a pair of f rentals, and lateral tabulars which are shorter than 
the “parietal ” and are continued forward by intertemporals. 

The frontals are separated anteriorly by a small interfrontal, but support 
a pair of nasals in two specimens and only a single median nasal in the 
skeleton. Finally, in this specimen the skull-roof is completed by a small 
median prenasal with a notched anterior border. 

Fig. 81. 



Vnmttnm tiplendcns^ Trnq. Hoof of the skaU, seen from the ventral $\irface. x 3 . 

Fr., frontal; l.Fa., interfrontal; I. Tku., intertemporal ; Xa., nnsal; P.O., poM-orbital; 

Par., parietal ; squamosal " ; Tab., tabular.'’ 

The intertemporal and tabular articulate with a large squamosal, there 
being no evidence of the presence of the t>vo .small elements which in most 
Dipnoi appear on the margin of the shield bordering the tabular and 
squamosal. 

The intertemporal is continued forward by a large post-frontal, which 
itself supported another element, which although now lost in every specimen 
cannot have entered the orbital margin. 

Four circumorbital bones are preserved in the skeleton ; probably one more 
was originally present. The three specimens which show that region differ 
considerably in the details of these eircumorbitals, which articulate with the 
squamosal and post-frontal* All the bones of the sknll-roof bear a crisply- 
marked fine ornament of ridges and pits^ which in general radiate from llio 
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centre of the bone. This ornament much resembles that of Stegocephalian 
skulls, and is unique amongst Dipnoi. 

The palate is beautifully shown in the skeleton. The paraspbenoid has a 
wide but incompletely preserved stem, which expands into an elongated but 
relatively very narrow lozenge, with tln^ margin of which the pterygoids 
articulate. 

The pterygoids cover a very large area, meeting one another in a long 
symphysis in front of the paraspbenoid and passing out to the lateral margins, 
w'hicli are quite straight and make an acute angle with one another. The 
hinder end of the pterygoid is widened, is utbichcd to the paraspbenoid by a 
very long sutur<‘, and produced into a rounded corner in the quadrate region. 

The dentition of each pterygoid consists of a marginal row of large, 
compressed, conical teeth and of a very largo number of small, almost 
hemispherical denticles covering a narrow area within the margin. These 
denticles are rather regularly arranged in a series of straight lines, running 
parallel to one anotlier from caudal and lateral to cranial and mesial ; 
that is, they do not agree with the normal direction of teeth-rovvs seen in the 
pterygoids of JHpferus and Sagenodus. 

The two prevomors of the skeleton are preserved ; each consists of a bone 
with a cylindrical notch on the dorsal surface, which supports a row of four 
denticles exactly similar to those of the “ spleniul/' 

There are in the skeleton three small bones, each bearing small, elongated 
teeth ; two of them lie in close association with a pre vomer : it is certain 
that they are not lower jaw elements, and the conclusion seems irresistible 
that they are premaxillse and niaxillm corresponding to those found by 
Watson and Day in Phanerophuron. 

The two rami of the lower jaw’ are separable at the symphysis, and each 
consists of at least three, almost certainly of four, bones. 

The angular is a large bone exactly like that of Ctefiodus in shape and 
bearing a similar row of sensory pits. It articulates by a fine suture 
with a splenial (dentary of Ceraiodus\ which presumably extended to the 
symphysis. 

There is a ratiier large dentary, whose distinctness from the splenial 
cannot be proved, which bears an irregular strip of crowded small denticles. 
The proarticular (splenial of Ceratodus) extends from the articular region, 
toward and probably up to the symphysis ; it bears only a siui^de series of 
teeth on its upper edge, which bite outside and are exactly similar to the 
marginal teeth of the pterygoid. 

The opercular apparatus seems to consist only of a large oval operculum, 
agreeing closely in shape with that of Sagenodus. 

There are a pair of badly-preserved ceratohyals, agreeing closely with 
those of Ceratodus^ 



STRUCTURE OF CERTAIN PALAEOZOIC DIPNOI, 


205 


Dipterus valenciennesi, Sedg. & Murch. 

Dil terus valenciennesi is a small fish, found very abundantly in the western 
ond of the nuiinland of Orkney and at Banniskirk, Achanarras, and other 
localities in Caithness, and, except at Edderton Burn, only very rarely in the 
nodules of the Moray Firtli. 

It was distinguished from the more recent D, platyceffhalus by Pander on 
account of its smaller size, lacik of shin^' surface on the cranial bones and 
scales, and lack of wtfll-ossified anterior ends of the skull and mandible. 
Dr. Traquair, [irosumably because large spocimens which in these characters 
agree with 1). jtlait/vcpluihts do occur at Achanarras, Oamric, and Cromarty 
and in association with a small fish which he regarded as 1). valenciennesi at 


Fia. 32. 



vaUncitnnesif Sedg. k Murch. Right lateral aspect of a crushed head, X 2. 
From a specimen in D.M.S. Watson's collection. 

Clav., clavicle; Clei., cleithruoi ; L.G, 3-C, lateral gulars, nos. 3-6; Mu., mandible; 
Mx., maxilla; Op., operculum; P.G., principal gular; P.Tem., post-temporal; 
S.Cl., Bupra-cleithrum ; S.Op., sub-operculum. 

the Qloup in Orkney, combined the two species. Watson nn<l Day pointed 
out a distinguishing feature in the fusion in 1 K plaiyceplialm of the tahiilar.s 
and interparietal with the bones immediately in front of them, which remain 
separate in />• valenciennesi^ 

Amongst the hundreds of specimens of I), valenciennesi which we have 
seen, only three show the bones of thecniniul roof clearly ; few show anything 
of the gular apparatus, and only one shows the lateral surface of the head 
clearly* 
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Ottr existing knowledge of the stractnro of the head still depends in the 
main on Pander’s excellent description and figures. The only addition is 
Dr. Traqnair’s well-known restoration. 

One specimen (fig. 32), now in D. M. S. Watson’s collection, shows the 
side of the head nearly perfectly. Its strnctnre will be best understood 
from the figure ; the interesting features are the relatively small number 
(seven) of biroumorbitals, the presence of two small elements in the cheek, 
representing some part of the greatly-developed bones in this region in 
Osteolepids, and the presence of a very slender, toothless maxilla, lying below 
the orbit. 


Fjo. 33. 



DipUru* valencienHe*i, Sedg. & March. Ventral surface of head, x 2. 

From a specimen in D. M. S. Watson’s collection. 

A»o., angular; Olav., clavicle; Clri., cleithruni; L.G. 1-3, lateral gniars, nos. 1-3; 
M.G., nibdiau gular; Op., operculum; Po.Sp., post-splenialsrpreangular; P.O., 
principal gular; S.Op., sub-operculum ; Sp,, splenial. 

There is an indication of an inner ring of circumorbitals, already repre- 
sented in Dr. Traquair’s restoration. 

This specimen shows the operculum and a section across the subopereulum, 
that bone having been driven outward and its upper half thereby removed 
in the counter slab when crushed down on the rigid clavicular arch. The 
sub-operculum is followed by a large principal gular, which supports a large 
lateral gular. 

Id a triangular space betwem these two gniars and the articular region of 
the lower jaw lie three small bones, which can onl^ be lateral gulars. Tfaeee- 
little bones are also shown in identically the same form in Uie fi y e oi mm 
No. 770, Hugh Miller Collection, Boyal Scottish Museum. 

The gular apparatus is, however, best seen in the origiaid of fig. 38,. 
a nnall specimen crushed directly vertically and viewed fnHn>tbe v tfttv ai 
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surFacp. Here the space between the rami of the lower jaw is mainly occupied 
by the two pairs of large gular plates already described ; but in advance of 
these are three other small bones, two of which are obviousl}' a pair meeting 
in the middle line, whilst the other more lateral element which on the right 
side separates them from the anterior end of the large gular is concealed on 
the left side by a forward disphiccment of that bone. At the spot where the 
four large gulars meet is a small median lozenge-shaped element, already 
figured, as were the large gulars, by Pander. 

No specimens known to us show the structure of the shoulder-girdle 
completely. 

There are a scale*like post-temponil and supra-cleithruin connecting the 
upper end of the cleithrnm with the tabular. The cleithrum is an elongated, 
narrow hone with a recess on its outer surface for the reception of the hinder 
edge of the operculum. It is so rigidly attached to the clavicle, that that 
bone usually retains its natural position and shape in the fossils, having 
resisted the crushing which disarticulates luostt of the other bones. 

There is some evidence (Peach Coll., No. 35, Royal Scottish Museum) that 
this attachment is effected by a special downwardly-projecting process on the 
inner surface of the cleithrum, which is received in a recess in the clavicle : 
that, in fact, the structure here is exactly as in Safft^nodits. 

The clavicle is a massive bone turning inward and forward onto the ventral 
surface, and with its fellow tilling op the triangular space between the 
principal gulars. 

There Is some evidence of a large scale in the position of an interelavicle. 

Dipteuds platyckphalus, Ag. 

We are unable to add much to the existing knowledge of the skull of 
/>. fdaiycephaluB. No specimen known to us shows the circumorbitals in 
intelligible form, and none gives an altogether satisfactory view of the 
opercular region. No. 1059, Hugh Miller ('olloction, Edinburgh, and 
Pander’s figures, Taf. 3, fig. 17, and Taf. 4, fig. 2C, show only three bones 
on each side — ^an operculum, sub-opcrculum, and a gular; no other specimens 
show additional elements, and it is thus possible that the appamtiis was far 
more reduced than in />. valeneiennen^ although the material does not admit 
of definite statements. 

The structure of the lower jaw fig. 34, p. 208) is perfectly shown by 
No. L. 10858 of the Manchester Museum. The general features of the 
morphology were accurately figured by Traquair, but that autlior was not 
acquainted with certain very important characters, vividly shown in our 
specimen. 

The dentaries are small elements forming a rim to the anterior end of the 
mandible ; the two bones are indistingnisbably fnsed. In section their outer 
surface forms nearly thioe quadrants of a circle passing smooihly from the 
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lower upward into the oral surface ; this surfape is covered with the shiny 
punctate surface now recognized as characteristic of a oosmoid bone. This 
region projects forward, and is sharply marked off from the rest of the lower 
jaw by depressions on the nearly vertical lateral surfaces. 

The dentary articulates with three other bones which lie on the outer 
surface of tlie jaw ; these are, a very small spleniul lying anteriorly on the 
flat under surface of the chin, a somewhat larger post-splenial which forms 
part of the floor gf the lateral depression, in addition to a large part of 
the ventral surface, and a very large angular which extends backward to 
articulate with the articular. 

Fig. 84. 



Dipterus platpcephalm (Ajr.), Dorsal aud ventral views of the lower jaw, with inner and 
outer aspects of the left ramus, x If. liestored from No. L. 10858, Manchester Museum. 
Ano., angular; Aht., articular; Den., dentary; Po.Sp., post-splenial s: preangular ; 

Pb.Art., pre-articular; Sk, splenial. 

The presence of splenial, post-splenial, and angular elements is clearly 
confirmed by No. 1878.5.1(56, Royal Scottish Museum, wliere these bones 
are seen from the dorsal aspect, the tooth-bearing bones being removed. 

The articular is a very large bone, with a well-defined condylar surface 
formed by a deep cylindrical excavation running across its hinder surface 
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and passing very obliquely backward. The l>one is continued forward for a 
considerable but uncertniii distance in conbict wdth the inner surface of the 
pre-articular. 

The pre-articular is the bone usually called sjihniial in Ceratodtts, In 
JDipterus platye.epkalus it is of great length, extending from the articular 
facet to a symphysis with its fellow, which extends forward nearly to the 
anterior end of the jaw. 

Its hinder part is a vertically placed thin sheet of bone, tightly applieil to 
the inner surface of the articular, with a free upper margin which forms the 
border of the snpra-Meckelian vacuity, and with its lower border in contact 
with a d(‘pn%ssed strip of bone which appears to be a part of the angular, l)ut 
is perhiij).s, as Dr. Steiisio has suggested to us, really the ossitied Meckel's 
cartilage, h Is possible that in the naturally articulated jaw the strip was 
completely covered by the pre-articular, and that in consequence the raTiius is 
repre.'^ented as of too great a depth in fig. 34. 

From a point not far in front of the articular to the* hinder end of the 
dontary the upper e<lge of the pre-articular is turiUMl outward and the hone 
thickened ; anteriorly this edge meets the angular, forming tin* bord(*r of the 
very large snpra-Meckelian vacuity. 

This out-iurneil edg^' of the pre-articular hears the tooth-plate, which is a 
thick pad w'ith denticulated ridges radiating from a point on the inner border 
rather behind the middle. The pattern of these teetli-plates differs consiiler- 
ahly in individuals ; they commonly extend much further forward than in 
fig. 34. 

The pre-articular is completed by turning inward as a flat, nearly horizontal 
plate to tbo symphysis, which lies on the dorsal surface of the splenials. 

In the reeonst ructions represented in fig. 34 the ramus may be made loo 
deep and wide. The def^th illustrated depends on the actual depth in the 
specimen ; the width is lixed by that of the hinder enil of the dentary and of 
the tooth-ta‘aring part of the pre-articular. At the most, the inaccuracy can 
only he of the order of one or two millimetres. 

The course of the lateral-line canal on the lower jaw is well shown in the 
specimen. Along the lower border of the angular it is represented by an 
irregular and often double scries of very small pits. 

On the post-splenial are tw'O definite lines of large pits, one passing 
forw'ard parallel to and just within the lower margin of the lateral depression, 
the other along the hinder border of the bone ; in addition, there are other 
scattered pits* The splenial has two pits near und parallel to its hinder 
margin. 

The new information about Dipterm recorded above adds very con- 
siderably to the evidence in support of the view first definitely stated by 
L. Doilo that JHpterns is by far the most primitive, as it is the oldest 
known Dipnoan. 
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Diptertis is now shown to resemble the Osteolepids in the following 
ways : — 

1. In the typical cosmoid structure of its scales. 

2. In the general body form, possession of two separate dorsal and an 

anal fin, and a heterocercal tail with an epichordal lobe. 

3. In the number and relations of the dermal bones of the top of tlie 

head. 

4. In the presence of splenial and post-splenial bones in the lower jaw, 

5. In the possession of a very elaborate opercular apparatus, including 

opercular and sub- opercular, a series of lateral gulars, a pair of 
principal guhirs, and a median gular. 

6. In the structure of its paired fins. 

These resemblances are of a fundamental characler,and imply a community 
of origin of tlie two groups. 

The [triucipal features in which Dipterus differs from an Osteolepid are: — 

1. The loss of the hyoinandibular as ^ bone phiying a part in the support 

of the quadrate. 

2. The suppression of the snpraptcrygoid ossicles and the jtossessioii of 

a symphysis between the pterygoids anteriorly, and of a sutural 
attachment of the pterygoids to the edges of the parasphenoid. 

3. The loss of the palatine and ectoptery golds, and the tlt^velopnienl of a 

‘‘ tooth-plate ” on the pterygoid. 

4. The loss of the coronoids and the development of the tooth-plate on 

the pre-articular. 

5. The great reduction of the marginal tooth-bearing bones, the ]>re- 

maxiila^ maxillee, and dentaries. 

6. Tlie forward inclination of the quadrate, witli a correlated sliortening 

of the lower jaw' and a great reduction of the cheek-plates. 

7. The removal of the external nares from« point on the upper surface 

to a position below the lip. 

8. The absence of a movable joint between the parietals and f rentals, 

aod of an unossified region of the liasis cranii between the basi- 
occipital and basisphenoid. 

M umbers 1-6 of these differences are obviously dependent on different 
food habits, the JUif^noi having adopted a diet which required trituration, 
whilst the Osteolepids are predaceous, sw^allowing their prey entire. 

Difference number 7 may perhaps have arisen not as an adaptation, bat as 
a mere result of the mode of development of the olfactory organ in a fioh 
which has a much reduced maxilla. 

The differences recorded under No. 8 can only l>e explained by supposing 
these peculiar characters to have been acquired by the Osteolepids after their 
separation from tlie Dipnoi. 
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Thus we are driven to conclude that the Dipnoi, altiiough they have 
undoubtedly been derived from a stock whose general morphology was 
Osteolepid, were separated from that stock before its members acquired their 
most peculiar and diagnostic features. 

(/omparison of the head of Dipnoi with that of an Osteolepid, the homo- 
logies of whose bones are obvious in the light of the structure of Palasozoic 
amphibia, throws great light on the determination of tlie elements of the 
skull. 

The very interesting observations recorded by Prof, (looilrich in his 
general work on Fishes (1909) were the first correctly to lav down the main 
lines of the comparison between the skulls of Dipnoi and Osteoiepids, 
especially in their recognition of the distribution of the lateral-line canals on 
the top of the head. 

Gregory (1915) further extemled this comparison, and finally a comparison 
of the skulUroof of ]). ralenriennesi with that of the Ostcolepids led 
Watson and Day to an identification of nearly all the bones which compose 
its ajipareiitly inexplicahle mosaic. 

This intcrprclution depends on the belief that in I), platyvephahfs the 
tubulars and post-parietal have fused with the parietals and supratemporals. 
The lack of a specimen of this specic^s with the skull in articulation with the 
trunk renders the evidence incomplete, but tlte fact that the j)oslerior row of 
three bones in all later Dipnoi houses* the occipital cross-commissure of the 
lateral line shows that it includes these hones; and the \\ell-kn<Avn pair 
of grooves on the median occipital, which are for a line of pit organs and are 
obviously homologous with a similar pair of grooves on the parietals of 
Osteolepids and some other fish, shovr that this bone includes the parietals. 

In tlie iow'er jaw of Dipterus the denbirv, angular and articular are readily 
identifiable, and the relations of the spieniul and post>s]>lenial to the dentary 
and angular are so exactly those which obtain in U»teolepid^ and indee«l in 
Labyrinthodoiit amphibia as to leave no doubt of their homologies The 
only reuiaining bone, that which bears the tooth-plate, cannot be the splenial, 
as has been previously believed, because an undoubted splenial occurs in the 
same jaw. It can only be pre-articular or coronoid : the ^application of its 
hinder end to the inner surface of the articular, its large size and position on 
the inner surface of the ramus, vshow that it is n pre-articular, and the 
symphysis which it makes with its fellow can be matebed in the case of 
the pre^rticular of Uegalkhthi^i. 

In utl Osteolepids and Labyrinthodoiits the teeth-bearing bones of the upper 
and lower jaws have certain quite definite relations to one another. The 
dentary bites within the maxilk, the teeth on the coronoids interlock with 
those on the palatine^ and ectopterygoid, and tliq upper edge of the pre- 
articular, which is asnatly covered with a granulation of small denticles, faces 
altbougli it does not loncb the similarly armed pterygoid. If, as seems to 
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be clearly .the case, the tooth-plate on the pre-articular of Dipierus be a 
development of this customary granulation, then the similar upper jaw 
structure on which it grinds iinist have been derived from the similar 
granulation on the pterygoid. It is improbable that this large tooth-bearing 
bone on the palate can be a conjoint pterygoid and palatine as is usually 
believed, because the palatine te(‘th of Osteolepids are always long tusks, 
unlikely in any case to be worked up into so typical a crushing structure as 
the Dipnoan dental plate, and were the palatine preserved, we should 
expect to find that the lower plate was of coronoid derivation. Nothing in 
the structure of the Dipterm lower jaw supports this view, which can, how- 
ever, never be disproved because of the possibility (although we think 
general* great improbability) of a fusion of l)oues. 

The opercular apparatus of 1), ralenviennesi is readily intcrpretable in 
comparison with that of an Osteolcpid. Its unusual leutiire, the direct 
cont£ict between the primupal giilar ami the snb-operoular, is probably due to 
the great reduction of the hinder lateral giilars which is associated with the 
shortening of the jaw. The meeting of the two rows of lateral giilars in 
the front is paralleletl in MeyaUvIdhtjs (No. 28308, Museum of Practicul 
Geology). 

The problem of the relationships of the known Dipnoan genera to one 
another is still iiioapable of satisfactory solution, because of paucity of material. 

The position q( l>ipterm valenciennesi^ at the Imse of the series, seems to bo 
made certain not only by the fact ttiat it is actually the oldest known species, 
but by the close comparison which can be drawn between its structure and 
that of an Osteolepid. 

From this form the series />. platt/cephalus^ l/eittlandia^ Scaumenacin, 
Phaneropleyron^ first suggested by Prof. Dollo and supported from new 
evidence by Watson and Day, seem to have arisen. These forms first 
appear in time in the order named, and show a steady progressive change, 
resulting in a reduction of the dermal Inmes in the front of the head, a 
reduction of the ossifications in the chondrocraniuiii, a loss of the iuter- 
frontal and inteniasal elements, and a gradual fusion of tlie median fins 
with one another. All known features of their structure are coiisistont with 
direct descent of any form from that which precedes it. 

The new facts about the structure of Saffenodus and Ctenodus brought 
forward in this paper show that Watson and Day were not justified in 
separating them widely from one another and in deriving Sayenodui from 
Phaneropleuron. 

The descriptions we have given show that the two animals are closely 
related, that indeed the Lower Carboniferous C. interruptus ** is in its teeth 
in many respects intermediate between the Coal-Measure forms of the two 
genera. Ctenodus has the less reduced skull-roof, which by its retention of 
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iiiterf rental and internasal bones demands descent from a form not later than 
1). plat't/cephalus^ and cannot have arisen from the much more reduced skulls 
of Pentlamiia^ Scavmeiwia^ and Phanerojdeuron, 

The Sagenodm skull-roof can readily be derived from that of Ctenodvs, 
In its dentition Sagenodus is much more primitive than Ctenodas in retaining 
the Dipterinc arrangement of radiating ridges on the tooth-plates ; in fact, 
Sagenodvs and Ctenodus seem to ntford an illustration of the fact, of not 
uncommon occurrence and great theoretical interest, that if one of two allied 
ciosoly-rciated forms is more specialized in a certain region than the other, 
it will he less advanced in the structure of some other region. 

The comparison between the structures of Sagenodtfs and Ceratodus 
included in the description of the former genus seems to us to establish the 
descent of the latter from the former animal. 

Th(3 Dipnoi from the Old Uc<l Sandstone probably lived in unusual 
conditions. J. Barrell has brought forward a mass of evidence to show that, 
in common with the other fish of the Old Red Sandstone, they were 
inhabitants of an arid region with seasonal rainfall, living in rivers which 
were lialde to dry up during part of the year and in shallow and 
impersisfcent lakes. Although we believe that this view cannot be upheld 
in its entirety — for it is difficult to conceive of the Caithness flags being 
deposited anywhere except in a very extensive and permanent sheet of 
water — it is undoubtedly well founded in its general conclusions. 

The Ooal-Measure Dipnoi lived under entirely difierent conditions in pools, 
often, as in the case of that in which the roof of the Low Main Seam at 
Newsham was deposited, of very considerable size and permanence. These 
pools seem to have lain in the midst of the coal-producing forests in a 
climate which was in no Avay arid. Thus this dift*erence in habitat at once 
affords an explanation of the absence of any direct descendant of the 
Phaneropieuroa line and the occurrence of a stock not known from the 
Upper Devonian. 

There remain fur consideration the remarkable Vronemm and Couchopoma, 

These animals have been associated with one another, though only very 
doubtfully, by Traquair and Smith Woodward, because of the replacement 
in them of typical dental plates by isolated small denticles. 

(Comparison of the figures and description given in this paper wdll show 
that there are no valid reasons for believing in the close aflinity — that, in 
fact, they differ so greatly as to be in all probability merely functionally 
parallel modifications of very different stocks, rronemus has a skull-roof 
retaining iuterfrontal and internasal bones, but much reduced by the loss of 
the bones on the lateral edge of the tcmimral region behind the squamosal, 
and of others forming the roof of the skull. Cimathopoma^ with a much more 
reduced skull-roof, loses the intemasal^ has a much enlarged interfrontal, 
exhibits a fusion of the frontal, intertemporal, and post-frontal, and retains 
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the bone behind the squamosal. So far as the skull-roof is concerned, C/ro- 
nemus might be derived from CtenoduSy Cmtchopoma from Sagenodus. 

In the palate the two genera differ very widely. Vrtmemus has a small 
parasphenoid, with a long posterior stem and a lozenge-shaped palatal part 
completely devoid of ieetL The pterygoids form an exceptionally large 
part of the |mlate,have a single series of large leeth along their outer margin, 
and an area covered with small teeth which show no trace of arrangement in 
radiating ridges. Concliapoma has a unique parasphenoid with a long, slender, 
posterior stem, and an enormously enlarged palatal part extending far forward 
and covered with an irregular development of small denticles. The ptery- 
goids form narrow slips along the lateral borders of the parasphenoid, bear 
only a few small teeth, and present no trace of the enlarged marginal teeth 
of Vronemus, 

Both forms are unexpectedly primitive in retaining dentaries in the lower 
jaw, in addition to those splenials which have usually been palled by that 
name in Ceratodus. 

It now falls to be considered whether all the ancestors of these fish had 
only isolated denticles, or whcjther they have arisen separately by the breaking 
up of dental plates. 

Semon showed that in develo[)ment the dentition of Ceratodus begins as a 
series of isolated denticles supported by a net-work of bony spicules, and that 
the tooth-plates of the adult are built up byithe confluence of such denticles. 

Tiiis mode of development is consistent with the view that Uronemus may 
have arisen from a form with tooth-plates, because its isolated denticles 
may merely result from the carrying on to adult life of a structure which 
occurred in larval stages. It is prolaible that a stage with distinct unfused 
denticles formed a larger part of the life-history in early Dipnoi than it does 
in Ceratodus ; indeed, the small plate figured by Pander us J). inherculatus 
(Taf. 5, figs. 20-21) seems actually to consist of individual denticles placed 
on a bony base. 

The whole structure of the Dipnoan skull, the short mouth and forwardly- 
directed quadrate, the rigid attachment of the pterygoids to the basis cranii, 
and the redaction of the byoniandibular,Bli point to the Dipnoan stock being 
specially modified for the use of a highly-developed crushing dentition. . All 
these changes can be paralleled in those other groups of fishes which have 
developed analogous tooth-opiates. 

Thus we believe that a typical tooth-plate like that of Diptenss was probably 
of very early introduction into Dipnoan structure, its production having in 
fact gone on pan passu with the other correlated changes in the head. 

We are thus led to believe tliat Jjronsmus and Condu>poma are derived 
from fish which liad tooth-plates, and as no such fish either has or needhi a 
parasphenoid dentition, that the well-developed denticles on that bone in the 
latter fish are new developments. 
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Summary. 

This paper includes the first complete accounts of tbo circuinorbital region 
« and opercular apparatus of Diptents valencieunesi, and of the lower jaw of 
D, phitycephalus. It gives very nearly complete descriptions of the skull, 
lower jaw, and clavicular apparatus of Sagenodus and Ctenodus which much 
extend our knowledge of these fish. In it the structures of tiie anterior end 
of the rare fish Uronemus and Conchopoma are described and figured tor the 
first time. 

IHpteruB is shown to be directly comparable with Osteolcpids in the 
structure of the opercular apparatus and the lower jaw, in addition to the 
many previously known resemblances. It is thereby shown that, us its early 
date would indicate, it is the most primitive know'ii Dipnoan. 

Ctenodus and Sayenodas prove to be closely allied, and a detailed com- 
parison shows so great a similarity between the latter fish and Ceratodns as 
to leave no doubt that it is essentially ancestral to it. 

rronemus and Conchopoma resemble one another only in the reduction in 
them of the tooth-i)late3 to isolated denticles. In the structure of the palate 
and of the roof of the head they differ no much that they must represent 
widely-separated stocks. 

In the main, the trends of Dipnoan development suggested by Watson and 
Day are confirmed. It is, how’ever. pointed out that the structure of the 
neural cranium of the Osteolepids, as described by Bryant in Eusthenopteron^ 
is such that the Dipnoi cannot be direct descendants of that group, but that 
with it and the Amphibia they arose together from common ancestors at a 
time before the Middle Devonian. 

We have to thank Dr. A. Smith Woodward, of the British Museum, 
Dr. Kitohin, of the Museum of Practical Geology, Dr. Tattersall, of the 
Manchester Museum, and especially Drs. Eagle Clarke and J. Ritchie, of the 
Royal Scottish Museum, for the use of the materials in their care. 
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iNTRODfCTlON. 

In April 1920, the writer commenced an inves^tigatioii on Lyctus — Powder- 
post— beetles attacking seasoned hardwoods, with a view to devising control 
measures against their ravages. 

This paper is a i)art of one originally written dealing with all those various 
aspects of L, hmnneus which had not been recorded, but owing to the co^it 
of getting the whole published, it has been found neces.sary to cut it up into 
sections, and this constitutes the first part. 

There are two species of beetles of the genus l^yvtus^ family Lyctidie, so 
far recorded in the British Isles. They are Lyctm { Xylotroyus) hmnneus^ 
Steph., an<l Lyrtus linearis, Goesce (eanalieuhitus, Fab., oblonans^ Oliv., 
strialus, Melsh., ituipnnviaius, Herb.st). Both species breed in dry or 
seasoned hardwoods, usually attack iiig the sapwood only, although L, brunnefis 
was found attacking the sap and hearti^vood of mahogany {Khaya sp.), and 
Noerdlinger (1862) recorded L. linearis as atrackiiig sap and heart wood of 
black locust {Gledifschia triacanthos). 

In 1891 Fowler recorded L, brunnens as very rare, and L, linearis {camdi^ 
culatus) us common ; the contrary is now the c*ase. Hopkins 0911) 
considers brunneus — now widely distributed throughout the world — to be of 
S. American origin, and linearis of European origin. 

Rbtiew or THE Literature. 

Amongst the mass of literature on Powder-post beetles, there has lieen very 
little published upon L. brunneus, and what there is deals mainly with ita 

LIKK. TOURK,— ZOOLOGT, VOL, XXXV, 16 
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ravages, but on the other Lyctus beetles there are some descriptions of 
oviposition, and in three cases an egg is described. 

In 1853 Heeger fignred and described an egg, a legless larva, and a pupa, 
which he ascribed to L. puhescens^ Panz. 

In 1855 Noerdlinger described the larva, pupa, and adult of Z, linearis 
(canalicnlatus), nnd in an account of the habits stated that the eggs were 
deposited in cracks or fissures. 

In 1874 Kaltenbach refers to the habits of the larva o{ linearis {oanali^ 
culatus) and to that of pubescenSy quoting Heeger as his authority in the 
case of the latter. 

In 1876 Perris described and figured the larva of linearis {canalirulatus), 
and disputed the accuracy of Heeger's description of a legless larva of 
pubescens. 

In 1880 Kittel described — after Noerdlinger (1855) — the larva, pupa, and 
adult of linearis (canali culatus). 

In 1883 Duges described and figured the larva, pupa, and adult of 
L. planicollisy Le Conte (Z. mrbonariusy Waltl,), to prove that the legless 
larva described and figured by Heeger could not belong to the genus Lyrtus. 

In 18y0 Rye refers to the discovery of a legless larva of species of 
Lyctus (?). 

In 1898 Xambeu described the life-history of linearis {caualivulatus) 
including a description of the egg, and stated that the eggs were deposited in 
cracks or fissures; this description was corroborated by Bureau (1900), and 
since by several writers, * 

In 1916 Snyder described the egg and manner of oviposition of /daniro/lisy 
and figured the egg. This egg differs from that of pubescens as describtid 
and figured by Heeger, and from that of linearis as described by Xambeu, 
but it is practically identical in appearance with the egg of branneus found 
by the writer. This similarity between the eggs of planicollis and hrunueus 
is maintained up to the time of maturation of the larva (PI, J2. fig. 4 ), but 
ihe method of the larva’s hatching differs. 

Oviposition in hrunneus is similar to that of planicollis, and it is not as 
described by French in 1918, who states : — “ The female (brunneus) deposits 
her eggs on the outside, underside, and ends of the timber.*^ The eggs are 
deposited inside the timber. 


Matebial used. 

Most of the infested material from which Z. hrunneus was bred was obtained 
in London from hardwoods stored in a timber yard, where the presence of the 
beetle had been known for a few yeais. 

Pieces of infested wood were collected in April 1920. The beetle was 
then still in the larval stage. In May of the same year, a small quantity of 
the infested material was placed in a refrigerator with a constant temperature 
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•of 8^ C. to retard development : this material vrsis withdrawn in July 
1920 and enabled the writer to verify the observations on oviposition and the 
•egff at leisure. 

The infested woods collected were West African mahofi;any (A/taya sp.), 
‘‘ Wainscot oak (Qt/ern/s /Mmr), and “ Italian walnut (Juglans regia). 
Beetles were also bred from locust (Jiobuna pseudacacia). 

Unfortunately no living specimens of L, linearis were obtained, although 
•efforts were made in various directions to procure some. No beetles emerged 
from two pieces of oak — hitherto infested with L, linearis — vvhich were sent 
over from Paris, nor were any living larvae or pupae found. Dr. C. J. Gahan 
informed the writer, that no record of tho capture of this beetle in the British 
Isles had come to his notice for some years. 

Mating. 

The beetles arc sexually mature when they emerge. Mating takes place 
immediabdy after emergence either at dusk or during the night. It was 
observed in davtiine ; and on several occasions two beetles were found 
occupying the same pupal chamber, but in no instance was mating observed 
to last very long. Individual males fertilize several females, thendn differing 
from L. linearis as described In' Xainbeu (1898), who stated coition lasted 
the entire night and the male then dies. In hrunneus^ females considerably 
outnumber I bo males. 

Tlie length of the life of the females when free to mate and oviposit 
averagoil about six weeks ; the males lived tw^o to three weeks. The food of 
the ailults consists of particles of wood-tissue, 

Oviposition. 

The ovipositor is an exceedingly long and flexible organ, and when fully 
extruded (PI. 12. fig. 1) it is nearly the length of the beetle. 

Oviposition begins two to three days after mating and takes place, at dusk 
or during the night, in the traclnw, or vessels, or pores of the wood. 
C'Onsequently those woods in which the vessels are most niimerons are most 
liable to heavy attacks. 

The female either projects the ovipositor directly into the vessel, or it is 
curved down and bent forward in the vessel underneath the body. Before 
actually inserting the ovipositor into a vessel, a preliminary examination of 
the surface is made with the ventral pygidial palps, and after selecting a 
vessel tho ovipositor is slowly inserted, and apparently a further examination 
is made within tho vessel by the vaginal palps (/>, text^fig. 1) on the apex 
of the ovipositor ; when, if the conditions are suitable, two or more eggs are 
deposited. The number, however, depends upon the suitability and capacity 
of the vessel. For, when an obstruction is encountered — in the torm of 
broken down transverse walls, etc. — only one or two may l>e deposited, or the 
ovipositor will be withdrawn and another vessel tried. 

16 * 
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The egga are always laid longitadinally in the vessel and in jnxtaposition^ 
the a&terior pole of one being end on to the posterior pole of the next. 

A female will retain the ovipositor in the vessel for several minutes, and 
repeat the process in other vessels until her supply of ripe eggs is exhausted. 

The egg issues from the vaginal orifice (vo., text-fig. 1) between the basal 
pieces (i/7.),and is guided by the vaginal palps (p,). 


TaxT-Fio. 1. 



Apex of the ovipomtor, ventral, an., anne ; be., bnna ropulatrix ; bp., basal 
piece; fi-., forked rod; p., vaginal palp; rd., chituueed rod; 

VO; vaginal orifice. Camera tucida, ( x 1%.) 

From observations on a beetle when ovipositing, jt was noticed that she* 
moved forward once before withdrawing the ovipositor ; ap}>arently ,the“ 
movement was just far enough to allow for a space for the second egg to be- 
deposited in 
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Oviposition also takes place — in the case of previously infested wood — ^iii 
ihose vessels which have been bitten across in the pupal chamber and its 
extension to the exit-hole. 

It was observed that, when the beetles are feeding on the surface of the 
wood, they always bite the tissues transversely ; this habit — if the wood is 
longitudinally split — not infrequently cuts open a vessel and creates a point 
of access to it. In several instances, examination has shown that this opening 
in the vessel has been used for the deposition of eggs. 

The eggs are deposited in the vessels at varying distances from the point 
of access of the ovipositor, but the anterior pole of the last egg laid is seldom 
less than I mm. from it. In one specific instance in which three eggs were 
found, the distance from the point of access to the postenor pole of the first 
egg deposited was 3'75 mm. ; on two occasions five eggs in juxtaposition were 
found, in these cases the ovipositor had been inserted more than 5 mm. 

The eggs were difficult to find and very easily broken when shaving off the 
wood-tissues in search of them, and when exposed, the task of removing them 
or digging ” them out is an exceedingly difficult one. The writer estimates 
that on an average 75 per cent, of the eggs were lost In trying to locate them, 
and probably fiO per cent, of the located eggs were damaged or destroyed in 
endeavouring to extract them from the vessels. 

From the examination of several ovaries, it was found that in the case 
of fertilized females, only a small number of eggs mature at a time, 
eight to twelve being the usual number found collected in the calices. 
In the case of unfertilized females, the ripe eggs continue to pass into the 
'Calices until the latter become swollen and the death of the female ensues. 

The Egg. 

PI. 12. fig. 2 is a photograph of deposited eggs in situ ; part of the vessel 
and surrounding tissues have been removed. 

The egg is transluoimt white and cylindrical ; tapering towards and 
rounded at the posterior pole. The anterior pole is rounded, but continuing 
from it, as if broadly attached to it, is a long, slender tube-like process 
which terminates in a round protuberance. 

This process varies considerably in length even in those eggs laid by one 
female. The process was never observed to be attached to the walls of the 
Tossol, but when two or more eggs had been deposited in the same vessel it 
was usually found adhering to the egg next to it. 

The chorion is creased longitudinally, giving the egg the appearance of 
Iwing marked with longitudinal strim, which concentrating at the anterior 
pole are more pronounced in this area. These striations and the process or 
etrand were found to owe their origin to ihe action of cbitinised setue lining 
n pair of valves situated at ihe junction of the oviducts, and are the result 
•of the pressure exerted by the vidve upon the egg as it is forced through on 
its passage. 
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A ripe egg removed from the calices of a female does not show the 
process or striations, and would thus agree with Xambeu^s (1898) descrip* 
tion of the egg of L. linearis. 

The recently deposited egg (PI. 12. fig. 3) has a distinct granular ap()ear* 
ance, due to the exceptionally large yolk granules. 

The size of the deposited eggs was found to range from 1*25 mm. to* 
0*8 mm, in length without the process, which varied in length from 0’2 mm. 
to 0‘35 mm., and the width of the egg ranged from O’ 1.5 mm. to 0*175 mm.. 
Daring maturation the egg slightly increases in size. 

Ill eight specific instances, comprising 13 eggs under observation, the 
young larva reached maturity 15 days after the egg was laid. That is, 
movements of the larva were visible within the chorion at that period* 
The actual number of hours any of these eggs took to roach this stage is not 
known^ as the time at which oviposition took place was not observed, lint 
the small pieces of wood in which the beetles were allowed to oviposit were 
put in their cages — glass-topped tins — in the evening and collected the 
following morning, 12 to 16 hours later. 

At the time of maturation or when the first movements of the larva are 
visible, it occupies approximately half the length of the egg {PI. 12. fig. 4) 
and is situated in the posterior portion ; the anterior portion, from the l)ase 
of the process to the head of the larva, is occupied by a mass which eonsi.«ts 
of large yolk granules and fat bodies. The wTiter has obseiTcd that this 
extraordinary mass* constitutes in L. hrunneus the initial food of the young 
larva whilst still enclosed within the chorion. 

In the case of L. 2 ilanwolUs it i.s stated that : In hatching, the larva 
backs out of the egg (Snyder, 1916). It is the rev(Tse with />. braunms. 
So soon as the larva is matured, it commences to eat the residual yolk-mass 
situated in the anterior portion of the egg by means of its mandibles, and 
travels forward to do so. If an egg is completely exposed in the vessel, 
the larva is unable to consume the entire residual yolk-mass, owing to its 
movements and the lack of ** overhead ” support — the wall of the vessel — it 
usually breaks the chorion and works its way out of the vessel. But if small 
strips of tissue, such as parts of a medullary ray, are left above part of the 
egg, the larva is able to maintain its position and consume its food, and at 
the same time the observer is enabled to follow its norinal movements. 

Ad examination of longitudinal and transverse sections of a small number 
of eggs in different stages of development, suggest that the phenomenon of 
the residual yolk-mass is due to the blastoderm enveloping only a part of the 
yplk* It was thought that it might be a case of polyembryony, wi^ one oif 
more embryos abortive, but there was no evideuce found to support this. 

* Owing to the lack of an existing term fbr this '^yolk-mass’’— <iio analogous yolk^mass 
being known-— the term residual yolk-mass has been suggested and is usedin this .psper to 
d^ote it. 
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Text-fig. 2 gives a seriesjof diagrammatic sketches showing the matura- 
tion of the egg in four stages. 

The movements of the larva are easily discernible within the intact 
covering of the chorion, and it is not until the larva has been feeding for 
some time that the chorion becomes broken by its movements at the posterior 
end and later injured in the process of the consumption of its initial food. 

PI. 12. fig. 4 depicts an egg|in which the larva has commenced feeding on 
the residual yolk-mass in which its head is partially buried. (The bend in 
the egg w'as due to the movement of the larva when dropped into ('arnoy 11.) 
The photo show’s that the chorion at the posterior end Is broken, and that it 
is crumpled in the part occupied hy the larva, whereas it is quite taut 
around the anterior part. 

Tkxt-fig. 2. 



Development of the egg (diagranuiiatic). 1. Egg twelve hours old. 2. Several da\s later. 

3. About ten days old, 4. Mature ogg. 

<i.| anterior pole; cA., chorion; eo;., embryonic area; ew., embryo ; /yw., formation of 
residual yolk-mass; p,, posterior pole; /;c., process or strand; residual yolk- 
mass ; y., yolk. 

Locating tub Eggs. 

In the first instance the beetles were caged in a cavity (IJ inches in 
diameter) cut with a brace and bit in pieces of mahogany (4 inches by 
3 inches by 1 inch thick). The cavity, which was full of cracks, fissun^s, 
and crevices, w’as about J inch deep^ and it and the surface of the piece of 
wood were covered with a piece of glass held in position with elastic bands. 

Shaving off the wood with a scalpel under binoculars in search of the 
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eggs, after the manner of oviposition was established, proved far from 
satisfactory and extremely laborious owing to the mass of wood which had 
to be cut away from the sides to shave down those parts to get near the 
vessels which had been opened transversely and accessible to the beetles. 
And so another and entirely successful method was adopted. 

Glass-topped tins were used ns cages. Into Ihese small pieces of 
mahogany were put for the beetles to oviposit in. The sizes of these 
pieces, which were split on all faces longitudinally w'ith the vessels, and 
cut transversely at the ends, ranged from 1 to 2 inches in length by one- 
eighth to about three-eighths of an inch in width and thickness. 

The search for the eggs in these pieces was carried out us above and was 
mainly confined to the extremities, unless a vessel had been fractured in 
splitting or bitten open by a beetle. 

No attempt was made to find eggs in planks or in the “ field.” 

Note on Lyctus Goezk. 

As no living specimens of L, linearis were obtained, the writer^s intention, 
to study the early stages of this insect with a view to critically examining 
the descriptions of the manner of oviposition and tlie egg as published 
by Noerdlinger (1^55) and Xambeu (1898), did not materialise. 

Several writers since 1898 to 1920 have published corroborative accounts 
of Xambeu’s description of the egg and manner of oviposition. Bnt it has 
recently been found that in 1917 Hopkins and Snydor — after the latter’s 
discovery of the egg and manner of oviposition of L. planicollis — published 
a paper in which they described the life-histories of L. linearis^ L. parallelo- 
pipedus, Melsh., L, cavicollisj Lee., and L. planicollis^ as being identical 
except as to the time of the emergence of the adults. The inference to be 
drawn is that the egg and manner of oviposition is similar in these four 
species and consequently similar to the egg and manner of oviposition of 
Z/. branneus as described in this paper. 

Therefore Xambeu’s description of a strandless egg deposited in cracks, 
fissures, or crevices can no longer stand. 

It will probably be found that this method and manner of oviposition 

depositing the eggs in the tracheae, vessels, or pores — is a generic charac- 
teristic of the wood-infesting Lycius beetles. 

Conclusions. 

The phenomenon of the egg of L. hrunneus is, so far as it has been 
possible to ascertain, unlike any case of embryological development recorded, 
not only in the records of Entomology, but in tliose of Zoology as a whole ; 
R case in which within the egg is produced the young larva’s initial food. 

The closest analogy found is that of a case of polyembryony discussed by 
Oatenby (1919) in a review on the early development of the egg and the 
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formation and niatnration of the larvse of a poljembryonic Eneyrtid 
(Parasitic Hymenoptera), in which he refers to the existence of abortive 
embryos. He states : “ It is remarkat)le to find that in the polyembryonic 
Hymenoptera a large region of the egg is entirely discarded. I n fact, just 
that region of the egg which would have formed the head, brain, etc., of 
the embryo is rejected.” 

It is the same area in the egg of L. hrunnem which becomes the larva’s 
initial food. 

The similarity of the egg of L. brunneus to that of L. plaHirom»--m 
described and figured by Snyder (1916)— in their appearance up to the time 
of maturation, suggests that the embryological phenomenon of the former 
species must also exist in the latter. 

SUMMABT. 

1. The method and manner of oviposition in L. brunneu$ is established and 
is found to lie the same us in L. planicollis, which is that of depositing its eggs 
in the trachea;, vessels, or pores, and under the surface, of the wood. 

2. The eggs incubate in 15 days. The young larva, which occupies barely 
half the length of the egg, does not hatch out at once, but proceeds to eat the 
residual yolk-mass contained in the anterior part of the egg. 
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EXPLANATION OF PLATE 12. 

Fig. 1. Photomirrograpb of female L. hrmmem, with ovipositor fully e.Vtended ; magnified 
7 diameters. 

2. Two eggs in citn in a piece oi mahogany. 

8. Photomicrograph of an egg, 12-10 hours old. 

4. Photomicrograjih of a mature egg. 

(Fig. 1 hy C. Gun.vs; figs. 2-4 by A. M. A.) 
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Some Echinoderms from West Australia. By Hubert Ltman Clark, 
Museum of Comparative Zoology, Cambridge, Mass., U.S.A. ((Com- 
municated by Prof. W. J. Dakin, P.L.S.) 

[Percy Sladen Trust Expedition to the Abrolhos Islands under the 
leadership of Prof. W. J. Dakin.] 

(Plate 13.) 

[Read 1st February, 1923.]^ 

The collection of echinoderms placed in my hands by Professor Dakin* 
prove to be of great interest even though the number of species represented 
is small. The specimens were taken off the coast of West Australia, chiefly 
among Houtman’s Abrolhos Islands, but a considerable number were dredged 
near Fremantle, while one interesting specimen comes from Broome. Many 
of the species are represented by but one or two specimens, and on this 
account it is not possible to determine the relative abundance of the 
different forms. 

The 143 specimens represent 46 species, of which two {Ophiaefis savIpn^K 
Echmoeardium cordatum) are practically cosmopolitan. Of the others, 27 are 
tropical species, most of which are common in the East Indies ; their 
occurrence at the Abrolhos is notable because those islands are so far south 
of the usual range of the species ; few, if any, extend their range nearly so 
far southward on the eastern side of the continent. 

There are, in the present collection, 8 species which occur on the southern 
or south-eastern coasts of Australia between Sydney and Perth, though most 
of them are known from only u few widely separated stations. These, which 
may be culled the typical Australian species, are ; — 

Astropeeien preissii Mtiller & Troschel. 

Lvidia maculata australasim Dbderlein. 

Asterina gnmiii Gray. 

Coicinasterias calamaria (Gray). 

Opluothria sponfficola Stiinpson. 

Amblypmiistes pallidns (lAimnrck). 

^ IIelioeidari$ erythrograrntna (Valenciennes). 

Breynta aasttalasim (Leach). 

e 1 beg to express here my sincere thiinks to Professor Dakin fur the opportunity of 
studying this valuable collection. 1 would also thank my friend Mr. Austin 11. Clark for 
very important as^stance in connection with bibHograpbical data, which were not available 
to me. 
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There are 9 species which seem to be endemic ; at least they are not yet 
known from anywhere but the coast of West Australia : — 

Pentagonaster stiharus H. L. Olark* 

Anthenea australus Doderlein. 

Anthenea globigera Doderlein. 

Nectria tnacrohrachia^ sp, nov. 

Petrida ohesa^ sp. nov. 

Parasterina crassa (Gray). 

Uniophora dyscrka^ sp. nov. 

Ophiothrix michaelseni Koehler. 

CentrostepJianus tenuispinus H. L. C!lark. 

The following species were taken only oflP Fremantle : — 

Luidia maculata australasuv Doderlein. 

Astropecten preissii Muller & Troseliel. 

Asfenna gtnum Gray. 

Parasterina crassa (Gray), 

Ophiothrix vmhaelsem Koehler. 

Kchinocardvjim eordatvm (Pennant). 

Three species were found both at Freinanile and at ihe Abrollios : — 

Anthenea australhe Doderlein. 

Ophiothrix spongicola Stiinpson. 

Ophiothrix stel/igera Lyman. 

From Broome alone, comes a specimen of 

Euryale aspera Lamarck, 

Although Gray described several sea-stars from "SSvvan River'* and 
“‘"Western Australia” as far back as 1840 (Ann. Mag, Nat. Hist. vol. vi. 
Dec. 1840, p. 281) and 1847 (Proc. Zool. Soc. London, pp, 75-83), almost 
nothing else was published dealing wdth the echinoderms of that region until 
after the close of the nineteenth century. In 1007, Koehler reported on the 
collection of ophiurans made by Michaelsen and Hartmeyer between (Jape 
Naturaliste and Sharks Bay in 1905. (See tlieir ‘Die Fauna Siidwest- 
Australiens,’ Bd. i. Lief. 4.) There were 28 species in this collection, of 
wliich only three were new, and most of the others were well-known Indo- 
Pacific species. In 1911, A. H. (Uark published his invaluable report on 
the “Recent Orinoids of Australia^’ (Mom. Austral. Mus. vol. iv. pp. 703-804) 
and also a report on the collections made by Michaelsen and Hartmeyer 
(Fauna Siidwest-Australiens, Bd. iil. Lief. 13), tlie two papers giving a 
complete list of Western Australian Orinoids. In 1914, Doderlein reported 
•on the echini brought back by Michaelsen and Hartmeyer (Fauna Siidwest- 
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Austral. Rd. iv. Lief. 12), which included 1(5 species of which three were now. 
The same year, Mr. B. Alexander published (1914, Rec. West Aust. Mus. 
vol. i. pt. iii. pp. 108-112) a list of the echinodcrins of Western Australia 
found in the Western Australian Museum at Perth. This list was based on 
papers by A. H. Clark and myself published in the same part of the 
^‘Records/' deulin;; with the crinoids and the other echinoderms res- 
pectively. In his list Alexander records 86 species, of which halt a dozen 
are holothurians. As there are no holotliurians in the collection sent me 
by Professor Dakin I shall ignore that clas.s, and the present remarks deal 
only with the actiiiogonidiato echinoderms*. Alexander includes only ten of 
the 28 0 })hiurans of Koehler’s 1907 list and only five or six of Diiderlein’^ 
list of echini, there being some question about certain identifications in this 
group. 

In 1918, Mortensen (Kungl. Svenska Vet.-Akad. Handl., Bd. 58. no. 9) 
published a report on echini collected hv Mjiibcrg at (Jape Jaiibert and 
Broome, a region from which almost nothing was previously known. This 
collection contained 14 sjiecics, of which only four are found in Diiderlein’s 
list from the south-western coast. In 1919 appeared (lislen^s (Kungl. Svenska 
Vet.-Akad. llaiidb, Bd. 59, no. 4) admirable report on the crinoids collected 
by Mjbberg, in which is given a careful and very valuable account of seven 
.«»pocies, one of which had not ])reviously been reported from Western 
Australia. 

U)» to the present time therefor^', 125 species of echinoderms. not including 
holothuriait.s, have been reliably roporte<l from Western Australia, and there 
ure perhaps 10 or 11 sjmeies which could l>e atlded to this list on the strength 
of old njconls whioli may not properly he ignored. This givc.s us a total of 
at least 135 species occurring in the region, already reported, but as the 
Dakin collection contains no fewer than a «lozen species not hitherto recorded, 
it is cvitlcnt that the total number of echinoderms occurring on the western 
side of the Australian continent certainly exceeds 150, anti it is probably in 
excess of 20U. 

It is interesting to examine separately the list of species occurring at the 
Abrolbos, as those isUuids are said to contain the southernmost coral reefs in 
the worhl. Including the species here recorded, the list of forms know'ii 
from the Abrolhos is as follows ; — 


Crinoids : — 

Comatdla nigra (P. II. Carp.). 
C deUigera (P. H. Carp.). 
ComaMa Solaris (Ijam.), 

C, psetinata (L.). 

OnnanthuH annuUUa (Bell). 


Coimnthus fiarricirra (J. Miill.). 

C. pohjcnvnm A. IT. Clark. 
Amphimetra jacquinoti (J. Miill.), 
Lampronietra gyyes (Bell). 
OUgometra serripimia (P. II. Carp.). 


* [The Holotliurians from West Australia are in the hands of Dr. Jos. Pearson, Colombo 
Museum. — W. J. D.] 
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Asteroids : — 

Nectria macrobraehiaf sp. noy. 
Pmtagcnanter it.ibar%u H. L. Clark. 
Utellaster incei Gxaj. 

AtUhen^a austrdUm Dod. 

Anthettea plobigera Dod. 

Ophiuroids : — 

Ophiactia aavignpi (M. & T.). 

OpMothrvc Umgipeda (Lam.). 

O. miehaelwni Koeh. 

O. apongicola Stimpson. 

EchiNOIDS : — 

Primoddaria haeuloaa var. annulifera 
(Lam.). 

P. hiapinoaa var. chinenda (Dod.). 
Centreehinua mvignyi (Mich«). 

C. aetoaua (Leake). 

Cantroatephanus tenuiapiima Tl. L. Clark. 
Amblypnetiatea pdlUdua (Lam.). 


Frtmia wadamtmenda Koeli. 

P. etegana H. L. Clark. 

Bnnaater Uthodaa Fisher. 

Pelricia obesa, sp. nov. 

Aaterina burionii Gray. 

Ophiothrix ataWgera Lym. 
Ophionereia porrecta Lym. 
Ophiocoma brevipes Peters. 
Ophiopltwm imhrieatua (M. & T.;. 

Salmacis drgalata Ag. & Des. 
Paeudoholeiia Indiana (Mich.). 
Tripne^istea gratilla (L.). 
Heliocidaria ergthrugmmfiM (Val.). 
JBi^hinometra mathaei HI. 

Breynia auairalaaiat (Ijeach). 


OE these 40 species, now known from the Abrolhos Islands, threo-£oarths 
niay be reckoned as tropical species^ for t is tropicojmlitan, 25 occur in the 
East Indies, and 4 others occur along the coast of northern or at least north- 
oa.stem Australia. Of the remaining 10, 7 are endemic and S are South 
Australian forms. Of the endemic species, 3 [Nectria mavrohrachia, Petrieia 
obesa^ and Centroatephanua tanuiapinua) are most nearly allied to species from 
the southern coasts of Australia. It is evident, therefore, that the Abrolhos 
have received their echinoderm fauna chiefly from the north, and that only 
a very small number of characteristically Australian forms have as yet found 
a footing among those islands. 


CBINOIDSA. 

COMATELIA NIGRA. 

Actinometra nigra P. H. Carpenter, 1888, ' Challenger * Coinat. p. 804. 

CcmaUlla nigra A. H. Clark, 1908 ; Smithson. Misc. Coll, Hi. p. 207. 

A single well-marked specimen dredged off Long Island, Abrolhos. It is 
nearly black, has 40 arms about IIO mm. long, and the very powerful cirri 
arc XXII, 25-28. The disk is about 32 mm. across, orally. This speciea 
has not been recorded hitherto from western Australia, though it is known 
from the Aru Islands and 1 found it at the Murray Islands in 1913. 

OOMATELLA STELLIOERA. 

AeiinoMeira atelligera P. H. Carpenter, 1888, * Challenger ’ Comet, p. 808. 

ComaUUa atetligera A. H. Clark, 1908 ; Smithson. Misc. Coll. lii. p. 207. 

A single specimen of this northern species was taken on the shores of 
Wooded Isle. It is bright yellow-brown, in its preserved condition, is. 



ECHINODBUMS FROM WEST AUSTRALIA. 


2S3 


25 mill, across the disk, and has 25 arms: 90 inin. long more or less. 
Cirri XXX, 19-22. There is only one record of C. slellufera from a point 
anywhere nearly so far south as Wooded Isle, and that is the isolated and 
dubious record from Port Jackson. The species ranges from Ceylon <o 
Samoa and is very common at the Murray Islands, cast of Torres Strait, but 
is not known from the coast of Queensland. 

CoMATULA SOLARIS. 

Lamarck, 1810, Aniin. Vert. ii. p. oR3. 

A s|)cciinen with the 10 arms, 125 mm. ± long and about 7 mm. wide, 
near liiise, was taken at East Wallaby Island. It is almosit black, but has a 
longitudinal light stripe on the dorsal side of each of the arms, which are 
remarkably stout. A second specimen not quite so large, taken in tlie 
dredge off Long Island, has no trace of the light stripe on the dorsal side of 
the arms. It has the cirri XIII, 18. 

(kiMATULA i*f:ctisata. 

pertitutia Liiiiie, 1758, iSyst. Nat. ed. x. p. G(>3. 

Chmntuh pectinuta A. H. Clark, 1008, Proc. IJ.S. Nat. Miis. xxxiii. p. 085. 

This comatulid seems to be rather common at the Abrolhos, as there arc 
13 specimens in tl«e present collection: 9 dredged off Long Island and 4 
dredged near First Island. All are brown, pale l)ro\yj, or yellow-brown in 
colour. They are .small, only two or three having arms 100 mm. long. The 
cirri range from I-XIV, with segments 10-14, but in no case are they 
arranged in pairs at the corners of the controdorsal as they are in ( purpurea. 
Otherwise these specimens would, because of their small size, be more 
naturally assigned to that species, w'hich Mr. A. U. Clark has recorded from 
“ between Fremantle and Geraldton.'^ Several of the specimens examined 
by Mr. Clark were not typical C. purpurea^ and intergrade evidently with 
(\ pectinuhi. Gislon (1919) has found so much intergradation between 
C. pectinata and C. purpurea that be retains the latter name as varietal only, 
and 1 am inclined to agree wdth him that it is certainly not specific. Just 
wliat the relation between C. purpurea and C. peclinata really is requires still 
further study. 

Comantuus ankulata. 

Actinometra mtnulata Bell, 1882, Proc, Zool. Soc. London, p. 535. 

CofMtnthus ( Fauiu) annuiaia A. H. Clark, 1911, Mem. Austral. Mus. iv, p. 757. 

The seven specimens of this handsome species were all taken on the shores 
of Wooded Isle. The number of arms ranges from 36 to 47 and their length 
from 100 to 125 mm. ; in the specimen w'ith 36 arms every Br series is 
4 (3 -f 4), but in the one with 47 there are four II Br series, 2 and one 
IV Br series, 2. Oirri very weak, V-VIII, 12. The uniformity of the.se 
specimens in coloration is their most notable feature, and in this they agree 

LINK. JOUEN. — ZOOLOGY, VOL. XXXV. 17 
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with seven of the specimens A. H. Clark (1914, Bee. W. Austral. Mas. i.' 
p. 120) records from between Fremantle and Geraldton, except that they 
apparently have a darker ground-colour. But they are all spotted with 
uniformly small, circular greenish-yellow dots, generally quite distinct, but 
obscured in some of the darkest specimens. In view of the extraordinary 
diversity of colour of this coraatulid, at the Murray Islands, it is remarkable 
that no diversity at all is shown at the Abrolhos. Possibly this western 
form may be worthy of a varietal name, but further field observations arc 
necessary before a decision can be reached. 

COMANTHXTS PAUVICIRRA.' 

Alecto parvicirra J. Muller, 1841, Arch. f. Naturg. vii. p. 146, 

Comanthm parvichra A. II, Clark, 1908, Smithsou. MIhc. Coll. lii. p. 203. 

There are seven comatulids from Wooded Isle which seem to represent this 
species, though the colour is the yellow-brown characteristic of C. hiteo/usca* 
They range in size from those with arms 35-40 mm. lo»»g up to those whose 
arms exceeil 100 mm. The disk is 7-12 mm. across. The arms range from 
12 to 23 in number. The cirri are few and weak, and have the characteristic 
form and proportions. 

AmPHIMETBA JACQriSOTl, 

Comat uh jactpibwii 1 , Muller, 1840, Monatsb. d. k. preuss. Akad. Wise. p. 176. 

Amphimttra jacqninoti A, II. Clark, 1914, liec. W. Austral. Mus. i. p. 124. 

There are five specimens of this fine comatulid, hut all are more or less 
badly broken ; two were '‘dredgcftl outside Wallaby Group/' while the other 
three were dredged off Long Island.” They are each about 12 mm. across 
the disk, and the arras wore apparently about 100 mm. long. The cirri are 
XXI-XXVI, 26-32, 33-39, 36-41, with the segments all much wider than 
long and the dorsal teeth beginning at the 12th-15th segment. The calyx 
and arms in each specimen are a dirty cream-colour, while the cirri are of 
that shade only at the base, becoming purple distally. 

Lahprometra gyges. 

Antedon gtfffes Bell, 1884, * Alert ' Rep. p. 160. 

Lamp9*ottietra gygea A. fl. Clark, 1913, Proc. Biol. Soc. Wash. xxvi. p. 144, 

There are two light-brown specimens of this species collected along the shore 
at Wooded Isle. The arms are about 100 mm. long, and their segments 
proximally are so closely opposed to each other that the basal part of the 
arm is noticeably smooth and regular. The cirri are XXX-XXXII, 25-30 ; 
one specimen shows twenty-three additional cirrus-sockets. The cirri are 
less brown, more grey than the calyx. In one specimen there can be 
distinguished along the dorsal side of each fully-developed arm an incon* 
spicuons longitudinal whitish line. 
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Oligometra serripinna. 

Antedon serripinna P. H. Carpenteri 1881, Notes from the Leyden Museum, vol. iii. 

pp. 176, 182. 

Oligometra serripinna A, H. Clark, 1908, Proc. Biol. Soc. Washington, vol. xxi. p. 12(5. 

At Long Island a single small specimen of this coinatulid was taken, but 
it is not typical. The ridge across the segments of the cirri is very incon- 
spicuous, and none of the pinnule segments have conspicuous projections. 
There are ten arms about 35 mrn. long, and the cirri are XTI, 17. Pj has 10 
segments, Pg has the same number but is conspicuously bi;;ger, while P 3 also 
has 10 segments and is about equal to Pi* In colour the gHiicral impression 
is olive-cream and purple, the former being the ground-colour. There is a 
distinct wide purple line up each .side of Brj and Bg basally, but this soon 
breaks up into spots, and disappears in the joints or in lines across the 
segments at their margins. There is no regularity of arrangement. 

The occurrence of serrijtinna at the Abrolbos is unexpected, as it has not 
been hitherto recorded from xVustralia, but ]\Ir. A. 11. (lark considers this 
s})ecimen undoubtedly Carpenter’s species and not O. rarpenteri Bell, which 
has been recorded from northern Australia several tinves. (A. J. 1).) 


ASTEBOIDEA. 

Astuopecten pkeissii. 

Miillor & Trofioliel, 1843, Arch. f. Nnturg., jhrg. ix. 1, p. 119. 

There are three A'^tropectens, dredged off Fremantle, which seem to be 
undouhledly thi.s species. They have lost all indication of their original 
colour and are now dingy light-brown. The «-niallest has K = 30, r = (>, and 
br = C'5 mm.; thus H = 5 r. Snperomarginal plates all unarmed. Infero- 
marginals with a single wide, flat, pointed marginal .‘^pine, below which are 
two very much smaller and more slender spine.^, of which the adoral is 
smaller ; about four somewhat smaller .opines form a longitudinal., well- 
spaced series on the ventral surface of the plate. A second specimen has 
R s 70, r = 10, and br = 13 mm. ; hence R = 7 r. On one arm three of the 
distal siiporomnrginals bear small but distinct spinelets. The armature of 
the inferomarginais is essentially as in the young individual, hut the marginal 
spines and those below are markedly heavier. The third specimen has 
II 120, r s= 15, and br = 17 mm. ; hence R = 8 r. There are no supero- 
jnarginal spinelcts, and the inferomarginal armature is also quite ty))ical. 

LuimA maoulata austbalij::. 

Luidia auitmlim IXiderlein, 1920, *Siboga ’ Ast. pt. ii. Luidia, p. 206. 

An adult specimen, taken near Fremantle, has the usual seven rays, and 
the measurements are R ^ 225, r = 29, and br =s 31 mm. The distal 
paRillse are characteristically large, and there arc some pedicellarias on the 

17* 
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lateral paxiliss near the arm-bases. The arms are rather wide near the tip, 
not tapering so much as in some Chinese specimens. Although I have not 
seen any really intermediate specimens, I think the Australian form is more 
probably a local subspecies than a distinct species. Doderloin himsolf 
suggests that it should perhaps be considered ^‘nur als eine Lokalform.^’ 
Material from the northern coast of Australia and the southern East Indies 
is essential for a proper solution of the problem. 

Nectbia maorobrachia sp. nov. (PI. 13. figs. 5, 6.) 

Diagnosis I Disk small ; arms relatively long and cylindrical. Granulation 
of almctinal plates, near tips of rays, coarse, crowded, and prismatic; 
actinal granulation noticeably prismatic. Abactinal plates of disk and arm- 
bases less paxilliform and more crowded than in the other members of the 
genus. 

Description of holoigpex Kays 5. K=60mm. ; r = 17 mm.; R = 3*5r. 

Br==16 mm. Br at middle of ray = 10 mm. ; at tip, 6 mm. Disk relatively 
small, only a little elevated ; arms relatively narrow, for the genus, some- 
what flattened basally, but nearly cylindrical or terate for the distal half. 
Abactinal plates on disk and on basal two-thirds or more of rays, large, low, 
flat, more or less irregularly hexagonal with rounded corners, w^ell spaced 
blit not widely separated, of dissimilar size ; they are connected ivith eacdi 
other by heavy radiating ossicles, in the spaces between wdiich arise papula* 
in groups of 4-14-. Each plate is covered by n coat of low, inoie or less 
convex, polygonal granules ; there arc about 40-50 on a plate 2-2’5 mm. in 
diameter, besides a marginal series of about 25 distinctly larger granules. 
The marginal series of adjacent plates are in close contact even on disk, 
except here and there at the angles. Distal part of covered by similar 
but coarser granules, quite closely crowded and without indication of 
marginal series. Madreporite small, about 2 mm. across, situated half-way 
between centre and margin of disk. 

Superomarginal plates about 25, very similar to the abactinal plates in 
covering and a[»pearance ; interradial ones much higher than long ; distally 
and especially close to tip of ray, the superomarginals are so closely crowded 
against each other, the abactinal plates, and the inferomarginals that they 
can be distinguished only imperfectly. Inferomarginals about 27, but distal 
ones very difficult to make out. The whole distal end of the ray is .so closely 
covered with coarse unequal granules that plate limits cannot be distin- 
guished. Intermarginal, and even inframarginal, papillae are evident near 
base of ray. 

* to the characteristically long and relatively 

slender arms. ^ 
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Actinolatcral «Tr(*a3 small ; along the inid-inierraJial lin«M there are about 
six series of actinolateral plates, but the outermost consists of ouly one or two 
plates, the next two are little longer, the next is perliaps 10 mm. long, the 
second series does not quite reach the middle of the ray and the first extends 
far out, almost to the tip of the ray ; all these plates are covered by cour.-e 
prismatic granules, much coarser than those of the abactinal surface ; the 
largest and most pri.sinatic granules are nearest the oral plates. 

Adambuhicral plates more than 50, the distalmost hard to distinguish ; 
they form a slight undulating margin to the furrow ; each plate carries 
3 furrow spines (distally only 2), which are siibequal, not notably prismatic, 
blunt, and slightly thicker at tip than at base ; distally, as a rule, tlie 
adoral is the smaller of the two; niuir the base of the arm the spinelets are 
about 2 mm. long, and 'SO-'TO mm. thick at tij). t>n the surface of each 
adambulacral j)late are 3-5 very short, thick, and prismatic sj>incs ; the two 
largest of these adjoin the furrow spines, while the remaining 1-3 are near 
and resemble the }>rismatic granules on the first series of actinolaterals. 
Oral plates not conspicuous or peculiar ; even the oral spines are no larger 
tlian those on the adjoining adumbulacrals. No pedieellaria* w’ere seen 
anywhere. 

Oolour light yellowish-grcv. 

TIkm’o are two specimens of tliis interesting new AVtna, collected along 
the shore in the “ Pelsart group ” ; one label says Pelsart Island.” The 
interbrancbhil septa are calcified, and the general appearance is so much like 
JHectria that there cau bo little que.slion of the generic position. And yet the 
abactinal plaU ‘9 are much less paxilliform, and are much more crowded on 
the disk and arm-bases than in tlio other members of the genus. The disk 
is also very distinctly smaller, and the arms are narrower at base, wider at 
tip, and more nearly cylindrical than in cither N. ordlata or oceWjeni, 
The granulation of the uctinal plate.s e.speeially at the base of the arms, is 
noiieeably prismatic in N. macrohrackia^ and that of the abactinal plates at 
the ^tips of the rays is coarse, crowded, and prismatic ; these diflerenccs in 
granulation, which seem trivial w^hen put into words, are very conspicuous 
wdien specimens are compared. 

The parutype of macrohmehia is a badly injured individual, much 
smaller than the one described. There are but three rays ; two, side by side, 
seem to have been bitten off very close to the disk, apparently at different 
times^ as they show different degrees of healing. The rays present are 
strongly curved and contracted, but apparently 11=42 min, and r= 11, so 
that R is almost 4 r. The granulation and colour are exactly the same as in 
the holotype. The armature of the adambulacral plates is also similar, but 
the numl^r of furrow spines is not reduced to two until almost the very tip 
of the arm is reached. 
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Fentagonastbr STIBABUS. 

H. L. Clark, 1914, Rec. Austral. Mus. i. p. 186. 

Two little pentagonal seanitars from Pelsart Island appear to be the young 
of this species. The smaller is 17 mm. across, RsB mm., and has 73 flat 
abactinal plates besides the madreporite, 4 snperomarginals on each side, 
and a terminal plate on each ray, 99 plates altogether abactinally. The 
distal marginal plate on each side of each ray is the larger, but is not 
conspicuously enlarged. Orally there are 4 inferomarginals on each side, 
and the distal ones on each ray are noticeably larger than the proximaL 
There are 12 (on 2) or 13 (on 3) plates on each of the iiiterradial areas, and 
there are 17 adambulacral plates on each farrow margin. The other 
specimen is a trifle larger (18*5 mm. across), hut has only 55 flat abactinal 
plates besides the 20 marginals, 5 terminals, and madreporite, 81 plates 
altogether on the dorsal side. On the ventral surface there are 14 (in 
one area 15) plates in each interradial area. A lew pedicellarifle occur 
on the abactinal surface of each specimen, but there are none on the oral 
surface. 

That these little sea-stars are really the young of sliharus seems clear as a 
result of comparing them with the young of P, dubenL I'he latter have the 
abactinal plates swollen, *the rays longer and narrower, and, at least in some 
cases, actinal pedicclhiria; are present. 

At Wooded Island a larger specimen of P. stihams was taken, 27 mm. 
across, Bs5l5 mm. There are only 4 marginal plates still in each series, on 
each side of the distinctly pentagonal sea-star ; the distal plate is distinctly 
the larger in every case. In a specimen of P. duheni of the same size there 
are 40 superomarginals and 50 inferomarginals, 8 and 10 respectively on each 
side of the animal, which is not, however, at all pentagonal, <^inoo It is 
15 mm. and r only 8 mm, 

Stbjllasteu incel 

(^ray, 1847, Troc. Zool. Soc. London, pt. xv. p. 70. 

Two specimens of this well-known sea-star w'ore dredged off Long Island. 
The larger specimen has R=90 mm. and the smaller 80 mm. There are 
2-4 low, blunt spine-like tubercles on the carinal lino, on the disk at the 
base of each arm. The number and arrangement of the ififeromarginol 
spines show great diversity ; whereas tlie number of inferomarginal plates 
is about 17 in each series, the number of spines ranges from 3 to 11. 
The present specimens have lost all colour. 

AnTHENEA AUSTRALlil!:. 

Ddderlein, 1916, Jahrb. Nassau. Ver, f, Naturk. Wiesbaden, Ixviii. p, 62, 

Two Antheneas may well be referred to this species. The genus is a 
perplexing one, and Doderlein's revision of it is a very admirable piece ot 
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work. His recognition of this species seems to be amply justified. The 
smaller of the two specimens at hand has B=:33 mm. and r=:15, while 
the larger has the measurements 65 and 30 mm. respectively. Even the 
latter is only three-fourths as large as Dbderlein’s type. According to the 
label the smaller specimen was dredged between liat and Pelsurt Group/’ 
It differs from the larger in the paucity of granules and pedicellarise on 
the abactinal surface, which is nearly smooth. Even the snperomarginal 
plates have very small groups of granules, especially near the iuterradius. 
At the base of each arm^ on the cariiial lino, 7 mm. from centre of disk, 
is a low but conspicuous tubercle. There are two smaller tubercles near 
the anus. Similar tubercles can be seen in the larger specimen, but as 
they have not increased in sire with the growth of the sea-star, they are 
no longer conspicuous among the numerous granules and pcdicellarim with 
which the abactinal surface is covered. This larger specimen was dredged 
off Fremantle. Its colour (<lry) is brown-olive, with granules, tubercles, and 
pedicellarim nearly white or at least very light brownish and the inadre- 
porite chocolate-brown ; on the oral surface the granules and petlicellaria) 
are so numerous and crowded that the general effeetr is much lighter than 
dorsally. The smaller specimen is grey-hrown above and light yellowish- 
brown below. The larger specimen is very similar to specimens of 
A. pentitffomda of the same size, but it is evidently still immature. 

AnTHENEA GLORUiERA. 

Diiderleia, 1915, Juhrb. Nassau. Ver. f. Naturk. Wiesbaden, Ixiiii. p, 

A very fine Anthettea^ taken by ‘‘shore-collecting, Wallaby (iroup," is 
undoubtedly to be referred to this well-marked si>(*ci(‘-4. It is larger tliau 
Dbdorlein’s type, in which II = 59 and r = .*>0 mm., for K = 70 and 
rssSI mm. The radial series of tubercles is nearly wanting, though the 
5 primary ones are evident. Large dorsal pedicel larijv are numerous and 
conspicuous. The tubercles on the marginal plates are smaller than in 
Doderleiii's type. The dorsal surface is dark purple-brown, with tubercles, 
pedicellarim, and madreporite conspicuously light-coloured in contrast : the 
oral surface is wood-hrown, the tubercles, spinelcts, ami pediccllariio much 
lighter. 

FrOMIA AKDAMANEXSl.S. 

Koehler, 1909, ‘ Investigator * Ast. p. 105. 

Six specimens of a Framta have been a source of great perplexity in the 
study of the Abrolhos sea-stars, but I have failed to find any satisfactory 
reason for not referring them to andanmnends. The unique holotype of 
that species is from the Andaman Islands, without more definite locality, 
and while it is recorded as from 238-290 fathoms,” T think there is 
undoubtedly a mistake about the depth. (Certainly the specimens from the 
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Abrolbos are typical littoral sea-stars. None is exactly like Koehler’s 
figure of F. andamanensis^ but the one most like it is only a trifle larger 
and has the rays just a little bit more slender. The abactinal plating is 
very much as Koehler shows it, but the niys are not so flattened. This 
specimen was taken at Pelsart Island, and no tvro of the rays are the same 
length. The longest has It = 32 inin., the shortest only 17. The colour is 
very light, almost a dirty whitish (dry). A specimen o£ about the same 
size from ‘'Wallaby Group. Shore’' is brown in colour, and the abactinal 
plates are no more numerous than in the Pelsart specimen. At the base of 
the ray one can count six or perhaps seven longitudinal series of these 
plates. A larger specimen from the Wallaby station has Jl = 35 inm., and 
there are nine or ten series of abactinal plates, which are noticeably smaller 
and of more uniform size than in the other specimen. In this larger 
specimen the rays are nearly e(|ual, only one being noticeably shorter than 
the others, and they are distinctly terete and not flattened, the height at 
the base being 9 mm. and the width 11. The colour is brown as in the 
smaller specimen. Shore-collecting at Long Island yielded an individual 
very much like those from the Wallaby Group with 11 = 35 mm., but having 
the rays a trifle more flattened (11*5 X 8*5 mm.). Dredging otV Long 
Island yielded a slightly larger specimen, in which the longest J{ = 40 mm., 
but br =s 10 mm. and height of arm at base about 8 mm. This si)ecimen 
is also much lighter coloured, nearly white. Finally, from the reef-flat at 
Pelsart Isle is a much larger Fromia^ with H = 54 mm., hr = 12, and 
height of arm' at base only 7 nim.^ of a pale brown colour and having 10 or 
11 longitudinal series of abactinal plates. The disconcerting feature of this 
specimen is that many of the adunibulacral plates on the basal iialf of 
the rays have three furrow^ spines. Thus the flatness of the rays and the 
adambulacral armature approach closely lo F. milleporella. On the other 
hand, the large number of series of abactinal plates and the more slender 
rays give this large Fromia a different facies from ordinary milleporella^ 
and taken in connection with the presence of only tw^o furrow spines on 
most of the plates, warrant us in considering F, audameuensis as a distinct 
species. Information regarding the colour in life would perhaps be decisive, 
but the labels with the present specimens are blank on timt point. 

Fromia elegans. 

II. L. Clark, 1021, Echinoderm Fauna of Torres Strait, p. 43. 

There are two Fromias in the collection which are labelled “ Oolour— 
Brown dark. Locality — 1st Island. Dredge.” The smaller has all the rays 
broken ; it resembles the small specimen of F. undamanensU from Pelsart 
Isle, but the abactinal plates ar^ noticeably larger. The other specimen h 
perfect and has R = 40 mm., r and hr = 10 inm. The disk and rayt are 
quite flat, the height of the arms at base being only about 6-7 mm* 
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I cannot find a single reliable character by which to separate this specimen 
from F. elpffans, yet the abactinal plates Jire not so large or w'ell defined 
as in that species. The coloration is now pale brownish, but in life it 
must have been very similar to that of F. eleyans^ if we may trust the 
label. On the w'hole it seems better to refer these two specimens from 

1st Island to F. eleyans than to include tliem under the name 
F. andamanensis, 

BuNASTBU LITHODES. 

W. K. Fisljer, 1917, l*roc. Biol. Soc. Wasli. xxx. p. 91. 

There are four little ophidiiisterids in the collections, two from Pelsari 
Island and two from Wooded Island, which undoubtedly l>elong to the 
genus Hunaster, They are c(‘rtainly^ not H. rilieri^ Tor pedicellari;e are 
present and there are no “ball and socket'* plates, and they are not 
./>\ tinisf'rialiit, as comparison with the liolotype of that species shows. 
After very prolonged study it seems best to consider them as young 
Jin in tlui liolotype of which species 11 =: 22 mm. In none of tlu^ 

Abrollios .sj)ecimeii?> does It exceed It) mm. The most noticeable resemblance 
between tlieso specimens and li, liihodes is se(»n in the finely shagreen-like 
covering (Uv'^ide from the abactinal plates) of tlie upper half of tlie animal ; 
in H. unisenalls the space between the abuctinul plates is occupied by a 
coarse gruniilaliun, as it is in />\ ritteri also. In two points the Abrolhos 
sjieciineiis are unlike li. llthodes; the subainbiilacral spines are very little 
longer than broad, and it is hard to see more than a single row of aclino- 
lateral plates even at the base of the arm. Those two points may be 
dependent, however, upon maturity, and the characters are certainly liable 
to growth-changes. In view% then, of the obvious immaturity of these little 
Bunasters, I think they may well he referred to Ji, Ufhodea. 

The two specimens from Pcisart Island have H = 8 or 9 imn. They are 
shell-pink, faintly variegated with whitish and decidedly lighter below than 
above. One of the Wooded Island specimens has H = D inm., and the rays 
are distinctly more slender than in the others. Its colour is also a very 
much darker pink. Tlie fourth specimen has li as 10 min.; the rays are 
stout and the pink colour has been entirely bleached. 

PBTRICIA OBESA sp. nov. (PL 13. figs. 1, 2.) 

Diagnosis : Kuvs wide, rounded at tip, Abactinal skeleton concealed by 
tlie very thick skin with which it is covered. No tubercles, spinelets, or even 
granules on distal marginal plates. 

Vesenption of liolotype : Rays 5. II = 65 mm. ; r = 30 mm. ; K = 2*17 r, 
Br 32 mm. Br at middle of ray « 24 mm. ; at 5 mm. from tip, 15 mm. 
Disk large, only slightly elevated ; arms wide, slightly arched, very blunt 

* Chssns SB fat, in reference to the vnde, blunt rays and the thick skin. 
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and rounded at tip. Abactinal skeleton almost completely hidden, even 
in the thoroughly dry specimens, by the very thick skin which covers the 
whole animal. Papulm numerous, in large irregularly-defined and more or 
less coalescent groups, absent only from the terminal fifth of the rays. 
Anus well marked by the fine calcareous papilte which surround it, nearly 
central in position. Madreporite 10 mm. from anus, small (2 mm. 
across) but distinct. Interradial pedicellarise huge and very conspicuous, 
the valves 4-5 mm. long. No other pedicellarise are present. 

Marginal plates almost completely concealed by the thick skin ; the infero- 
marginals appear to be larger than those of the upper series, and are larger 
distally than interradially ; thero are about a dozen in each series. They 
bear no spinelets, nor is the surface at all rough or shagreen-like. Inter- 
radial areas covered by thick, smooth skin, through which one can distin- 
guish some actinolateral plates, of which the series adjoining tlie farrow 
reaches to about the middle of the arm. Adambulacral plates about 50 on 
each side of the furrow ; each plate carries two (rarely three and even more 
rarely only one) spines, 2-2*5 mm. long, shaped like a bowliiig-pin, blunt, 
and even a little capitate at the tip. These spines arc connected clear 
to their tips by a fleshy fold of skin. Outside this fold is the series of 
subambulacral spines, which are stouter than the furrow spines and are 
buried nearly to their tips in skin, though in the distal part of the ray they 
are more free. On some plates at the base of tbe arms there are two 
subambulacral spines, but as a rule there is a single one on each plate. 
Oral plates are not distinguishable^ but they carry five, rarely six, spines 
on each side of tbe jaw, the most proximal largest, about 3 mm. long. On the 
surface of the jaw are four shorty thick spinelets, two on each side, one 
proximal, one distal, buried in skin, and very similar to the subainbulacrnl 
spines. Colour (dry) dull chocolate, of somewhat varied hues, the darker 
with a purplish cast ; adambulacral spines and jaws of interradial pedicellarise, 
nearly white. 

There are two specimens of this remarkulde sea-star from Tedsart Island, 
but they differ so much from each other in colour that it is hard to believe 
they are of the same species. Unfortunately the labels say nothing as to 
the colour in life, so we do ^lot know how mucli of the present difference 
may be artificial. The paratype is dull greenish-yellow ; everywhere the 
outer surface layer of skin has cracked, permitting the deeper layer, which 
is nearly white, to show through. This is particularly marked on the 
aotinal interradial areas. The interradial pedicellarise are smaller and 
much less conspicuous in the paratype, but there are no other differences 
worth noting. The size is essentially the same. 

The occurrence of Peiricia on the western side of tlni continent is very 
interesting, but (he Abrolhos species is very different from P, vemieim^ the 
species which occurs at Port Jadkson and along the southern ooiist. The 
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chief points of distinction are the wider and terminally rounded rays, 
the thick skin which conceals the skeletal plates and is not at all smooth and 
shiny when dry (the feature from which P. vernicina gets its appropriate 
name), and the absence of tubercles, spinelets, or even granules on the distal 
marginal plates, in P. obeaa. The West Australian species seems to be 
somewhat larger than the one from the east coast, the largest specimens of 
which have R=: 50-60 mm. 

Astsrina nUUTONll. 

Gra.v, 1840, Ann. Ma^. Kat Hist. vi. p. 289. 

There are half a dozen very typical specimens of this little sea-star^ one 
dredged off Long Island and the other from Wooded Island. The largest 
has 11=26 mm. None of the specimens has retained any of its natural 
colour. The discovery of this species at the Abrolhos extends its known 
range very far to the south on the Australian coast. 

AiSTBKlbYA aUKNlI. 

Gray, 1840, Ann. Mag. Nat. lliat. vi. p. 280. 

There is a badly damaged small specimen (R==27 mm.) of this southern 
species in the collection, hut it is not from the Abrolhos. It was dreilged off 
Garden Island near Fremantle, which is probably about the northern limit 
of the species oii the western coast. 

Parastehina crassa Fisher. (PI. 13 . figs. 3, 4.) 

Patina (?) cramsa Gray, 1847, Proc. Zool. Soc. London, p. 

Parasterina crag^a Fitiihor; IIKIS, Sniitbson. Mine. Coll. lii. p. ^H). 

A sea-star dredged off Fremantle is apparently to be referred to this 
species, as it answers well to Perrier’s (1875, Arch. Zool. Exp. v. p. 142) 
rather detailed description except for its imieh larger size. Gray makes no 
reference to the size of his specimen, but Perrier say.*^ d=:10 mm.^' From 
the context one w^ould infer that d meant the ilistaneo from ti]> to tip of 
alternate rays — ^that is, the diameter of the entire uniinal ; l)ut in that ease the 
specimens in the British Museum are tiny indeed, and it seems incredible 
that the description given could apjdy to so small an individual. H d refers to 
the diameter of the disk, then Perrier's specimen was only about half as large 
as the one in hand. Possibly the 10 is a mi.'^print for 100, but in that east' 
the present specimen is much smaller than those in the British Museum. 
Perrier refers several times to resemblances to Pentanoyaster. These led me 
for a time to feel sure that my specimen could not bo' P, crassa, as I see 
nothing in which it is the least like Pentagomstevy save jwssibly the adain- 
bnlacral armature, where a slight resemblance might be imagined. 

The present specimen has 11 = 36 mm. and r=9, and R is therefore equal 
to ir ; Perrier says B=3f r, a difference easily understood if hi.s specimen 
bad r only 5 mm/ Perrier says tliat the largo ossicles in the dorsal skeleton 
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are more numerous than the small ones, and then says the papules are 
surrounded by the small ones, which certainly implies a considerable number 
of the latter. In the present sjiecinion, near the base of the arm there are 
about five small plates to each one of the large ones. At the tips of the 
rays, however, the large plates become more numerous. All plates, both on 
the dorsal and oral surfaces of the sea-star, are closely covered with cylin- 
drical spimdots like those occurring in Dorsally the spihelets end 

in 2-4, usually 3, glassy points of which one is larger than the other ; ven- 
trally there are more glassy points on each spinelet, and they are subeqiial. 
Even on the ventral plates, I cannot see that those crowded spinelots resemble 
a “ granulation ” as Perrier says. Gray says Iho colour of his dry specimen 
was pale yellow, and the one before mo might he called dirty yellow. 
Perrier says that some of those in the British Museum were “ encore varies 
de juuno ot de blanc,” but immediately states that the s)nnes on the larg(» 
ossicles were “ bleus ; probably eitlifer blanc or bleus is a typo- 
graphical error. 

COSCINASTERIAS CALAMAIUA. 

Aatenas calamaria Gray, 1840, Aun. Mag. Nat. vi, p. 17U. 

Coscinastenas vnlnmaria Perrier, 1894, * Travailleur ^ el ^Talwman’ Stell. p. 100. 

A sea-star dredged near Fremantle is the only representative in the col- 
lection of this characteristic s]>ecies of southern Australia. It is a small 
specimen in poor condition, only three arms remaining attached to the disk, 
which is but 10 mm. across. The rays are about 55 mm. long, and there 
evidently were eleven of them originally. 

Uniophora dyscrita sp. nov. 

Diagnosis: Disk moderate, little elevated; arms short, wide, and little 
arched. Iiifcromarginal, actinal, and adambulacral spines fiattenod, chisel- 
like at tip. No intermarginal plates. No shagreen-like areas on snpero- 
marginal plates. Abactinal spinelets of two kinds, blunt cylindrical and 
capitate conical. 

Description of holotypez Rays 5. Rs=:55mm.; rsrlSmm. ; ll=4r + , 
Br=:15 mm. Br at middle of ray, 13 nun. ; at 5 mm. from tip, 7 mm. 
Disk moderate, little elevated ; arms wide and little arched. The specimen 
is dry and flattened, and it is hard to tell how much elevated and arched the 
upper surface may have been in life. Abactinal skeleton of rather heavy 
plates forming an irregular and very open network, the rnesbes of which are 
four distinct series only at the base of the arm ; at the middle of the arm 
the lateral series are still evident, but the median series are quite replaced 
by irregularly-arranged meshes 3-5 min. across, more or less occupied, at 
least at centre, by papulte. Basally there are 4- 12 papulae in the mesh-areas. 

e dvcriepirorahard to determioe, in reference to the diificulty of distinguishing the species 
ef IJmophora, 
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Marginal plates very distinct, the upper series forming a very evident boun- 
dary to the abactinal surface of the arm. Interinarginal papulae numerous. 
At the base of each arm a carinal series of plates is evident and one lateral 
series on each side, but on most of the abactinal surface of each arm, as wcdl 
as on the disk, there is no definite arrangement of the plates evident. Most 
of the abactinal and superomarginal plates carry spinelets and minute pedi- 
cellarire. The latter are scattered and not very numerous. The spinelets are 
of two sorts: nearly cylindrical very blunt ones about •SO-’TS mm. long and 
the diameter one-third to one-half as nnich ; and stout, markedly conically 
capitate spinelets inm. long and about one millimetre in diameter ; on 

the marginal plates these heavy 8])inelcts are cojucal rather than capitate. 
There is never more than one of the stout spinelets on a plate, but one finds on 
each side of it, usually, 1-3 of the more slender little spinelets ; occasionally 
the stout spiuelet is solitary. On the more conspicuous abactinal plates the 
spinelets form transverse series, sometimes without any large one at the middle. 
Madreporite 2 or 3 mni. from the disk margin, small, scarcely 2 niin. in 
diameter, elevated and surrounded by a circlet of 15-20 small spinelets. 

Iiiferomarginal jdates about 28, each with a stout spine, rarely accom- 
panied by a single much smaller one ; distally the spines are low, blunt^ 
conically, but proximally they are flattened and the ti})s are chisel-like, or 
deeply cliannelled on the upper side, or divided into 2 or 3 very short 
branches. Those proximal spines are about 2 inin. long with the tip a 
millimetre or more wide. Actinohiteral spines in two series continuing 
nearly to tip of ray ; at base of arm there seem to be two series of actirio- 
labwal plates, but it is hard to determine how far out on the arm they are 
continued ; the spines are similar to those on the inferomargiual plates, but 
are smaller; there is seldom more than one to a plate. Adainbulacral spines 
about 2 mm. long, flat, blunt, and rounded, or a little wideneil at tip, in two 
regular crowded series : the spines of the outer series arc only a little, it 
any, larger tlian those next the furrow. Oral plates, each with three spines 
of which the distal is smallest and most like the adambulucrnl spines, while 
the most proximal is 3 mm, or more long and very flat and cliisel-Hke. 
Tube-feet crowded, in four series. Pedicellarim are very few on the uctinal 
surface; here and there are scattered minute forcipiforin pediccllariae, and 
near the base of the ray careful search reveals a few small forficiform pedi- 
cellarise, with short, erect jaws and no stalk ; they are about as wide as long. 

Colour, of dry specimen, dull yellowish-grov. 

One specimen dredged at Garden Island, near Fremantle. 

In view of the confusion already existing in the genus Uniophora^ it may 
seem of doubtful utility to describe a new species based on a single speci- 
men, but after examining a considerable number of Uniophoras from South 
Aiistraliai representing at least two species and ])erhnps more, I am satisfied 
that this West Australian form is at least distinct from any of those hitherto 
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described. It is particularly characterised by very flat chisel-like infero- 
marginal, actinal, and adumbulacral spines, but another feature in which it 
differs from South Australian specimens is the absence of shagreen-like 
pebbled ” areas on the lower part of the superomarginal plates. These are 
<}uite conspicuous in most of the specimens from South Australia, but can 
barely be distinguished on one or two plates of the specimen from Garden 
Island. It should also be mentioned that the present specimen does not 
seem to have any intermarginal plates, such as occur in some Uniophorm. 
None of the South Australian specimens have the grey colour of f/. dij^crita^ 
but, owing to the poor condition of the type, this may be of no significance 
at all. 


OFEnmOIDEA. 

Ehryale aspera. 

Lamarck, 1816, Anim. s. Vert. ii. p. 538. 

A single specimen of this basket-fish, 20 mm. across the disk, is labelled 
as having been brought from Broome. It is very light-coloured, possibly 
somewhat bleached, but is otherwise in good condition. The species was 
previously known from north-w'estern Australia only from two young speci- 
mens taken by the ‘ Gazelle.’ 

OpUIACTIS SAVIGNYl. 

Ophiohpk Havitpiyi Mtiller & Troschel, 1842, Syst, Aet. p. 95. 

Ophiactis smiynyi Ljungman, 18(J7, ()fv. Kong. Vet.-Akad. Forh. xxiii. p. 323. 

A single specimen of this tropicopolitan species is in the collection from 
IVoodcd Island. It has six arms and the disk is 3 mm. across. 

Ophiothuix miuhaelseni. 

Koehler, 1907, Fauna Sudwest-Australiens; Ophiiiroidea, i. p. 250. 

While I do not feel at all sure of the validity of this species, since the 
section of the genus to wrhich it belongs is in very great confusion, there is 
a specimen of Ophioihnx at hand, taken at Garden Island near Fremantle, 
which is almost certainly identical with Koehler^s specimens and may well 
bear their name until the group is revised. It is 13 mm. across the disk, and 
although tlie arms are all broken^ enough is left (G5-116 n.m.) to show that 
they are very long. The disk is grey, the arm-spines pale brown, and the 
-upper side of the arms is indistinctly banded with dark and light slate-colour ; 
there is a narrow, more or less interrupted, light line along the middle of the 
upper-arm surface. 

Ophiothrix spongicola. 

Stimpson, 1855, Proc. Acad. Nat. Sei. Fhilad. vii. p. 386. 

This is one of the few characteristic species of the southern coasts of 
.Australia which occur at the Abrolhos. In the present collection there are 
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three specimens from “ Garden Tsland^ near Fremantle ; dredged,” one from 
''off Fremantle,” one from "Wooded Isle,’^ and four from “Long Island.” 
None of the specimens is large, the disk diameters ranging from 4 to 
^ mm. 

OpHIOTHRIX STKLLIGERA. 

Lyman, 1874, Bull. M. C. Z. iii. p. 237. 

A single small specimen, from Garden Island, near Fremantle, has th <3 disk 
only 3 mm. across and the arms about 20 mm. long. Seven larger specimens, 
from “ off Long Island,” have the disk 3^-7 mm. across. Of these Abrolhos 
specimens, four show spinelets among the thorny stumps on the disk. All 
the specimens are much alike in their indistinctive, light greyish- or reddish- 
brown coloration, and show the white stripe on the upper surface of tli(‘ arms. 
In the largest specimen a curious anomaly occurs in that on the proximal 
pari of the arm the white stripe is black. Distally there is a white stripe 
delimited by a black line oli each side, but as this passes towards the base of 
the arm, tlie black encroaches more and more on the white, and finally 
oblitoiates it altogether, the two black lines coalescing. Were the arms 
broken otf near the base, it would be hai’i! to believe that the brittle-star was 
really an example of gtellifferu^ 

OpHTOXEUEIS POKUKCTAl. ^ 

Lyman, PrtK?. Boston Soc. Xat. Hist. \ii. p. 2C0. 

Tlio occurrence of this species in the Abrolhos is most interesting, as it 
does not seem to be common anywhere in the East Indies and not yet 
known from the mainland coast of Australia, although it is not rare at the 
Murray Islands, in the Torres Strait region. There are fivo .speci»)K*n> at 
band from Wooded Island and two from Felsart. One of tlje latter is only 
4 mm. across the disk and lias the arms about 20 mm. long. The disk is 
nearly pure wliite, save for the dark brown distal tips of the radial shields. 
The other half dozen specimens are 8-12 mm. across the disk. 

Opuiocoma brevipks var, vauiegata. 

Ophittcoma variepata lil. A. Smith, 1870, Ann. Mafr. Nat. (4) xviii. p. 39. 
Ophiocoma breviffits vnr. vtiriepafa 11. L. Clurk, 1921, Echiuoderms of Torras Strait, 
p. lilO. 

It is rather remarkable that this widespread and variable Ophioroma 
should bo the only representative of the family taken at the Abrolhos. It 
was found both at Wooded Island (8 specimens) and at Long Island, Pelsart 
Group (4 specimens). The specimens range in disk-diameter from 12 to 
29 mm. All are evidently to he referred to the variety variegata^ but two 
have the black-spotted disk of the form that has been called O.doU&rleini and 
two have the reticulated disk of the so-called 0. dentcUa, Non(« is like 
<0. insularia or the typical 0. brevipes. 



248 


MR. H. L. CLARK ON SOME 


Ophioplocits IMBRIOATCJS. 

Ophiolepis imhricata Muller & Troficliel, 1842, Syat, Aat. p. 93. 

Ophioplocm imhricatus Lyman, 1861, Proc. Boston Soc. Nat. Hist. viii. p. 76, footnote* 

Tliere are two adults, light-coloured specimens oE this species in the 
collection, taken on the reoE at Long Island, Pelsart Group. 

ECHINOIDSA. 

Pbionocidaris baculosa var. annitlifbra. 

Cidarites annuJifera Lamarck, 1816, Anim. a. Vert. iii. p. 57. 

Frionocidaria baculnaa var. annulifera Mortensen, 1918, Kunpfl. Svenska Vetensk. 

Handl. Iviii. no. 0, p. 8. 

A very fine specimen of this handsome sea-urchin was dredged among the 
islands of the Wallaby Group. It is 49 inm. in horizontal diameter, and the 
largest primary spines, which are all more or less conspicuously banded with 
reddish-purple and greenish-yellow, are about 57 mm. long and 5 ram. in 
diameter near the base. The number and arrangement of the conspicuous 
red-purple spots on the collar of the primaries show great diversity. 

Prionocidaius BispiNOSA var. chinensis. 

Duderlein, 1903, Jena Beiikschr. viii. p. 097. 

A small cidurid dredged off Long L<^Iand resmnbles so closely Doderlein’s 
description and figure tlmt I refer it to this variety with little hesitation, even 
though the type-locality is so far distant from the Abrolhos. The specimen 
is 35 mm. in diameter. Most df^the primary spines are broken or missing, 
but the unspotted red-brown collar is characteristic, and the distinctive 
thorns are well-developed on the upper spines. The longost ones, 33 mm. 
long, 2 mm. in*diaiiieter at the collar, cylindrical, and without thorns, are at 
the mid-zone. The secondary spines are browmish-red, those on the ambulacra 
being slightly darker than those on the interambulacra and with a purplish 
tinge. 

Ckntrechini:s savignyi. 

JDiadema aavignyi Micbelia, 1845, Kev. Mag. Zool. p. 15. 

Centrechinua aawgnyi II. L. Clark, 1921, Echinoderm Fauna of Torres Strait, p. 145. 

A specimen 85 mm. in diameter was taken in the shore-collecting at 
Wooded Island. 

(Jentbechinus setosits. 

Echimmeira aetoaa Leake, 1778, Add. ad. Klein, p. 36. 

Cmtrtichinua aetoaua Jackson, 1912, Phjiugeny of Echini, p. 28. 

A specimen 80 mm. in diameter was taken during the shore-collecting in 
the Pelsart Group. The abactinal white spots are large and conspicuous, and 
easily distinguish the species from the preceding. 
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Cbntbostbphanus tbnuispikus. 

H. L, Clark, 1914, Rec, W, Austral. Mus. i. p. 162. 

There are three half-grown bat typical examples of this western species, 
one of which was taken in the lagoon at Pelsart Isle, while the other two 
were dredged off Long Island. 

AhBLYPNBUBTEB PALLIDUS. 

Eehinui palliduB Lamarck, 1B16, Anim. s. Vert. iii. p. 48. 

AmHypneutf^s ptUliduB Valenciennes, 1846, Voy. * Venus,’ Zoophytes, pi. ii. fig. 1. 

A small AmhlypneuBies from Wooiled Island, about 20 min. in diameter 
and nearly 20 mm. high, is best referred to this species, although the diamond- 
shaped markings on the interambulacra are very faint. The test is faintly 
pink, tbe secondary and miliary spines dirty whitish, and the primaries are 
pale red. There are no spines on the anal system, and tbe tnberculation of 
tbe test is that which is characteristic of A. pallidus. 

Salmacis viugulata alexandri. 

Salmacu alaxaudn Hell, 1884, * Alert ’ Rep. p. 118. 

Saimacisvitffulata alexandri Diiderlein, 1914, Ech. Slid west. Aust. p. 4o4. 

This urchin has already been recorded from Gerald ton and from Sharks 
Bay, so the occurrence of tw’o large specimens (74 and 79 mm. respectively 
in horizontal diameter) from the Abrolhos is not surprising. They were 
dredged off Long Island. One has a low ambitus and flat oval surface, though 
the test is fairly high, while the other has a lower test and the ambitus much 
nearer to the mid-zone. In the latter specimen the primary spines are green, 
though the test is light purple, only the primaries near the peristome being 
somewhat purple near the base. In the larger specimen the primaries, us 
well as the test, are purple, but tho.se below the ambitus are much longer and 
more brightly coloured than those above, and ail are tipped with white. 

PSKUDOBOLBTIA INDIABA. 

laropnewfteB indianwt Micfaelio, 1862, Ecli. et Stel. : Annexe A, in MailUrd's Notes 
sur Bourbon, p. 6. 

rBmdobtfieiia indiana A. .^bgaseiz, 1872, Rev. pt. 1, p. 153. 

The occurrence of a Pseudoboletm on the western side of the Australian 
continent is a discovery of more than ordinary interest, as the genus has not 
hitherto been reported from Australia or the Torres Strait region. But 
the present specimen, 50 mm. in diameter, wdth a dirty white coloration 
lacking all indication of pink, is unmistakable. It was dredged off Long 
Island* 

TfilPKErSTEB GBATILLA. 

JMdniae yruHUa Linii4, 1768, Syst. Nat. ed. x. p. 664, 

rripnatfit^ pratiUa LovSn, 1687, Ecb. Xinn. p. 77. • 

Two s(>6oimens, 68 and 86 mm. in diameter, with dai*k test and white 
UKK. FOVBH.-^OOLOGt, TOX, XXXY. 18 
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spines, were taken at Pelsart Island, thus extending the known range of the 
species on the western side of Australia considerably to the south. On the 
mainland coast it is known only as far south as Sharks Bay. 

Heliooidabis ebythbogbauma. 

Echinus srjfthrogranmus Valenciennes, 1846, Voy. ‘ Venue,’ Zoophytes, pi. vii. fig. 1. 

JSsliocidaris erythrogramma Agassiz & Desor, 1846, Ann. Nat. Zool. (8) vi, p. 371 

There are half a dozen specimens of this well-known species of the southern 
Australian coast, but all are young and the specific characters are not well 
marked. Three from the lagoon, Pelsart Group, 25-30 mm. in diameter and 
13-14 mm. high, have purplish tests and bronze-green spines ; the largest 
primaries are 15 mm. long, and not quite a millimetre in diameter at the base. 
There is little doubt that these are normal //. erythrogramma* There is a 
very similar specimen from East VSTallaby Island. Two specimens from 
Wooded Island have a different appearance, and yet differ more from each 
other than either one does from the Pelsart specimens. One is about 28 mm. 
in diameter, scarcely 13 mm. high, and has the tubercles much more con- 
spicuous than in the others. The primary spines are purple, but the secon- 
daries show an evident bronze-green coloration. Most of the primaries are 
broken, but it is obvious that ail were more or less stunted ; particularly all 
the spines above the ambitus are relatively short and thick and blunt. 
Apparently this specimen lived beneath a rock or among rocks where surf 
or tidal currents wete strong. The other Wooded Island specimen has the 
test very light-coloured, with a green tinge abactinally, and the spines are 
green tinged with purple at the tip, at least orally. The largest primaries 
are 10-12 mm. long, with the diameter at base distinctly more than a 
millimetre. This individual looks like a different species from the others, and 
may be a young H. tuberculata^ but it is highly improbable that that species 
occurs in the Abrolhos. Probably this little green specimen was collected 
on an eel-grass bottom in still water, such an environment as favours the 
green colour and the better-developed spines. 

Eohikometra mathaei. 

Echinus mathaei de Blainville, 1826, Diet. Sci. Nat. xzxvii. p. 94. 

Echinomstra mtahosi de Blainville, 1880, Diet. Sci. Nat lx. p. 206. 

There is a specimen 47 mm. long, 41 mm. wide, and 26 ram. high from 
North Island, and the label says Very common everywhere.” There are 
also two small specimens (15-17 mm. long) from ^‘Long Island, shore.” 
The abactinal tube-feet of the large specimen contain large numbers of the 
triradiate spicules which Doderlein considers typical of his genus 
but I am not prepared tq admit that their presence is even a good 
character, and 1 think these specimens are more properly recorded as 
E. mathaei than as E. oblonga* But they are evidently identical with those 
which Doderlein (1914, Fauna Sudwest-Austral. fid. iv. Lfg, 12, p. 487) 
identifies as Mortemenia oblonga, which were collected in Sharif Bay* 
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BrEYNIA AITSTRALAKIJS. 

8patanyU9 auslralasia Leach, 1815, Zool. Misc. ii. p. 68. 

Breynia amtralaBus Gray, 1855, Cat. Rec. Ech. pt. 1, p. 40. 

A single fiiio specinion from North ^Island shows that the characteristic 
:speoies of Australia is not wanting at the Abrolhos. 

Echinocardium cobdatum. 

Echinus cordatus Pennant, 1777, Brit. Zool. iv. p. 00. 

Echinocardium cordatus Gray, 1848, Brit. Rad. p. 0. 

Two specimens of this cosmopolitan species arc in the collection. They 
were dredged off Garden Island, near Fremantle. The larger is 32 min. long, 
S2 mm. wide, and 13 mm. high. 

EXPLANATION OF PLATE 13. 

Fig. 1. Psiricia ohem, Bp. n., aboral view, J-rds nat. si^e. 

2. „ „ oral view, „ „ 

3r Parastetmia crussa (Gray) Fisher, oral view, nat. size. 

4. „ „ aboral view, „ 

5. Ncctria macrohrachia^ sp. n., aboral view, ^ths nat. size. 

0. „ oral view, „ „ 


18 * 
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Oouriship Activities in the Red-throated Diver {Colymhus stellatus Pontopp.) ; 
together with a discussion of the Evolution of Courtship in Birds*. 
By Julian S. Huxley, M.A. (Communicatod by Prof. E. S. Good- 
rich, M.A., F.R.S., Sec.L.S.) 

(Plates 14, 18, and 4 Text-figuree.) 

[Read 2nd NoTomber, 1922.] 

The following paper is a continuation of previous work on the sexual 
relationships in species of birds in which both sexes possess bright colours 
and also exhibit similar sexual ceremonies. The reader is referred to papers 
on the Great Crested Grebe and on the Dabchick (Huxley, ’14 and ’19). 
It is unnecessary to recapitulate at any length, but certain general con- 
clusions may be stated. 

1. In most, possibly all monogamous birds, a pre-mating and post-mating 
period maybe distinguished. “(Courtship” activities usually occur during 
both of these periods ; but the majority of the “ courtship actions which 
arc to be found described in the literature occur in the post-mating period, 
and therefore cannot bo ojierative in any true form of sexual selection as 
imagined by Darwin. So far as prc-inating ceremonies occur and are 
effective in the choice of mates, they can of course find place in a scheme of 
true sexual selection. 

2. In birds in which the sexes are quite or almost similar, and both 
adorned with bright colours or special plumes, or other structures, which are 
displayed or otherwise used in sexual ceremonies, both sexes play a quite or 
nearly similar role during “ courtship ; very often ceremonies occur in 
which both sexes simultaneously play a similar role ; for such ceremonies the 
term mutual is employed. 

3. Tliese mutual ceremonies may be ‘‘ self-exhausting ” — that is, may end 
in the birds resuming the ordinary routine of life ; or they may be a means 
of raising tlie emotional tone us a direct or indirect excitant to coition. In 
the Grebe, where self-exhausting display ceremonies were the rule, si)ecial 
pre-coition ceremonies were found, in which attitudes resembling those 
employed at coition were adopted. 

4. An association of various of the birds’ other activities with the sexual 
ceremonies was often observed. The handling ” of nest-material is fre- 
quently so associated, as has been noted by many previous observers ; but 
actions like those of prewing or of shaking the head, although originally 
quite without sexual significance^ may also bo used as part of the raw 
material of sexual ceremonies. 

No. 21 of ffie ResaltB of the Oxford University Expedition to Spitsbergen in 1921. 



254 


MR. JULIAK S. HUXLBY ON 


5. In many birds similar in the two sexes both male and female incubate. 
In many but not all such species the relieving o£ one bird by the other on 
the nest is the occasion for a special sexual ceremony, which in its turn may 
or may not be used at other times. This ceremony o£ nest-relief appears to 
be absent in the Grebe. 

With this brief introduction, we may pass to the observations on the Red- 
throated Diver. These were made while the writer was on the Oxford 
University Expedition to Spitsbergen, 1921. Most were made on Prince 
Charles Foreland, an island 60 miles long, oflE the west coast, on which a 
small party of us camped for 11 days, from June 30 to July 10. Numerous 
small freshwater pools are found here, as in many other places near the coast 
in Spitsbergen ; and on a great many of these, at any rate on the north- 
western and western coasts, Divers are to be found nesting. We w^ere 
fortunate in being encamped on the shores of Richard Lagoon, a sheet of 
brackish water about a mile wide and 5 miles long, communicating with 
the sea by one narrow opening. This lagoon was the scene of much of the 
Divers' courtship, both pre- and post-mating, though especially the former. 
Much of the birds’’ feeding was done on the open sea : but for rest and court- 
ship the lagoon was chosen. Even after incubation had begun, the birds 
appeared to come down to the lagoon when not sitting ; it Avas the s(*ene of 
veritable social gatherings of Divers, four or five being commonly on its waters 
together, and eight having been seen there on one occasion. Sometimes they 
would fish, progressing by means of long dives, as does the (Vested Grebe ; 
at other times they would stay quiet, resting or preening themselves. But 
during the period of our stay we never observed two or more Divers on the 
lagoon without some courtship action following within a comparatively short 
time. The male and female are similar in appearance ; the female is smaller 
than the ipale, although the wing and beak measurements of species overlap 
somewhat. However, the female appears to have a much less massive neck 
tban^the male, and a separation of the sexes can usually be made with 
reasonable probability. 

Description of Chief Courtship Actions. 

It will be best to begin with a description of the chief types of actions 
seen, following this with their probable interpretation. 

1. Plesiosaur race.” This ceremony was so christened because the 
attitude adopted by the birds in its performance made them resemble miniature 
Plesiosaurs half out of water (fig. 1). Usually two or three birds took part 
in it, sometimes four. The birds depressed the hinder half of the body below 
the water ; the body was held at an angle so that the breast and shoulders 
were stuck out ; the neck was stuck upwards and ferwards in a stiff position,, 
the head and beak inclined somewhat forward, again somewhat stiffly. In 
this attitude the birds swam through the water, accompanying one another. 
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Their passage through the water seemed to be accompanied by a good deal oE 
resistance^ since a wave showed at their breasts. They would go for soiiio 
distance in this way; then would often turn and continue the process in the 
opposite direction. The bird which had led inbne direction, it seemed, might 
be replaced by another as leader after turning. The whole ceremony did not 
give the idea of a true pursuit, such as is seen among many birds^ but more 
of a race, or of something still more ceremonial and formal. 

The most usual arrangement is for one bird to lead, the other one or two 
being half a length or less behind. Various modifications of the pose are 
seen. Sometimes the body is at a very low angle, the neck little arched, the 
head and bill almost horizontal ; at others the tail is more submerged, the 
breast more el<*vated, the neck much arched, and the bead and bill pointed 
downwards ; it is in this posc5 that <he likeness to a Plesiosaur is most marked. 
Occasionally almost the whole of the body is submerged. As to the general 
appearance, I quote from my notes : — “There is a strange stream-line effect 
about the creatures. They must be paddling with great energy to keep up 


Fiq. 1. 
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the speed.'' “There is often u .snaky look about them when in the semi- 
vertical attitude.’^ Altogether the effect as of ten>ion, of emotional ritual, so 
familiar to all those who have watched birds during courtship, is marked. 

A still further modification of the pose is sometime.s seen in what may he 
called the “wing Plesiosaur aititude.^^ In this the wings are stretched out 
nearly at right angles to the body, perhaps spread, the point inclined a 
little backwards, and somewhat drooped, so that the upper surface is plainly 
visible. This might be adopted by all the birds in a “ race,” or by the 
“pursuer” alone in a “race" of two birds only. The same attitudes and 
relative positions were maintained by one such pair of birds for over 
50 yards. 

Occasionally birds might be seen in a still more nearly vertical attitude. 
When this was so they did not progress fast. 

A peculiar note invariably accompanied this ceremony. 1 find it described 
in my notes as “a growl with a bubble in it” or a “ rolling growl.^' This is 
repeated a number of times, and appears to bo used just before or at the 
beginning of the ceremony proper, ^his note did not seem to be used at any 
other time, except in the “snake-ceremony (see p. 257). 
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From the beginning we noticed that birds engaged in this and in other 
sexual ceremonies^ or more often when under the influence of sexual excite- 
menty but not actually engaged in a ceremony^ often engaged in curious and 
apparently meaningless actions. The most frequent was the dipping of the 
bi»ak in the water (fig. 2)| often repeated several times within a few minutes ; 
a variation of this consisted in ‘‘looking into the water*’ — in other words, the 
submerging of the beak and fore-part of the head for some little time ; finally, 
shaking of the liead was observed, though much more rarely than in the Grebe. 


Fig 2. 



Bed-tliroat('d Diver: Miake-ceremoiiy. 

It became quite certain, as we continued our observation^ tlmt these actions, 
or at least the two former, were definitely associated with sexual excitement. 
Like the head-shaking ami “habit-preening"’ of the Grebe (Iluxley, ’15), 
they appear to represent actions normally performed with some other 
function, or, if functionless, with non-sexual associations, \\hi<di have l)eeome. 
through some peculiarity ot the i>syehologieat mechanism, secondarily 
associated with sexual excitement, and used as physical expression of sexual 
emotion. This appears also to he the ca'^e with a special form of dive which 
1 call the “splash-dive.*^ Tu this, instead of submerging quietly, almost 


Fio. 3, 



lled-tbroated Diver ; emergence cejvmuny. 


without a ripple, as is done when the birds arc diving for foml or to escape 
danger, the bird gives a sharp kick wdth the leg'** as it goes under, sending a 
shower of spray into the air; furthermore, the di\o is fora very short distance, 
the bird emerging generally about 5 or 6 yards away. This, too, is associated 
with apparently all forms of sexual excitement, and otherwise is used only 
under the inflaence of the emotion of anger (see Van Oordt and Uiixley, 
'22). Here we have apparently a nonijal form of activity, which is used in a 
modified form when associated with sexual emotion. 
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2. A very remarkable ceremony, unfortunately only observed clearly on 
one or two occasions^ was tho dive followed by vertical emerg6ncei(figs. 3 & 4). 
In the best-observed case two birds out of a party of three were close 
together. Suddenly one — ^almost cerhiinly a female — dived (with a splash). 
The other — almost certainly a male — ^immediately spread its wings and half 
flew, half sputtered along the surface of the water for 5 or C yards. The bird 
which had dived then came up out of the water close to the other, in an 
almost vertical position (fig. 3). The neck was held so as to continue the lino 
of the body : the head bent down so that the bill made a small angle with the 
breast. The emergence was fairly slow. It stayed in this position for perhaps 
5 seconds, then settled down on the water. Here we haw, a ceremony wliich 
is extremely similar to one which I have described in the Ci-estod Grebe, 
although not quite so elaborate. Its chief feature of interest is that, although 
lM)th birds play active parts in it (the flying-off and waiting of tho non-diving 
bird is an active part, which culminates in the Grebe witli a special dis[»layj, 
yet tho parts are difterent. If we may judge from the Grebe, either part 
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Ittid-throated Direr: another sketch of an emergejjce ceremony. 


may at different times be played by a bird of either sex. This is rendered 
more probable by the tact that the more active role on this occasion was 
apparently taken by a female. 

3. A ceremony in many ways resembling the Plesiosaurus race is also 
common, but apparently only among birds which have mated up. it is 
always accompanied by a cry which is the same as, or extremely similar to, 
the “ roll-growl already described. The two birds swim, one leading, for 
some distance with their necks arched so that the tip of the bill is submerged. 
The bill is also held 0 }>en, in order to give the cry. Tlie bodies, however, are 
not submerged posteriorly, but kept in normal swimming position, and there 
is not a marked wave thrown off the breast, nor does motion appear to be at 
all violent. As in the Plesiosaur raee, the birds may turn, and the former 
leader become the second. Tins ceremony might be performed on the small 
netting-pools or on the lagoon. Owing to the snaky look of the neck when 
in this attitude, I shall call this the inake^ertmony (fig. 2). 

There remain peculiar actions associated with coition ; these, however, may 
best be described later, in connection with the account of a particular pair. 
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Aetivitm of a Particular Mated Pair. 

T will now proceed to describe in some detail the actions of one pair whicb 
I bad under close observation for a few days, since I believe that in this way 
a fuller insight is gained by the reader (as it certainly is by the observer at 
the time) into the psychology of the birds. 

On a small tarn about a mile from camp a single Diver was observed on 
June 30. 'I'he tarn was then only partially thawed, and nest-building was 
out of the question. It would appear, however, that the birds had already 
“ staked out a claim ” to this special nesting territory, as is known to be done 
by many if not all monogamous birds before actual nest-building begins (see 
E. Howard/ ’20). A single bird was again observed here on July 4 ; it was 
restless and remained on the tarn for a long time ; nest-building had almost 
certainly begun, as the event showed. On Julj^ 5 both birds of the pair 
were seen on the tarn, and one visited the spot where the nest afterwards 
proved to be. It only stayed half a minute or less, and then returned to the 
water. The birds were continually giving a mowing call, very similar to 
that given by solitary birds on the water, or by sitting birds vvlion man or a 
Skua threatens danger. The call as given on this occasion, however, I record 
as “louder, longer, and more emotional than when given by a solitary bird.*^ 
Usually thq two birds would howl almost, but not quite, simultaneously. 
There was certainly some sexual significance attaching to this “ duet- 
howling.'^ 

At one moment the typical “roll-growd” was given. This I take as 
proof that a snake-ceremony occurred, although the birds were unfortunately 
invisible below the high bank. On my approach to pitch my observati^m 
tent, the birds rose together and made off. I take it as certain that no egg 
was as yet laid, since, once this has happened, ti:e nest is sut on almost con- 
tinuously to jirevent Skuas stealing the egg. 

Next day (July 6) 1 spent about 9 hours at the tarn. It was noticed that 
whenever the howl or mewing note was given, the neck was stretched out 
nearly or quite parallel with the water. This was confirmed on many sub- 
sequent occasions. The action seems to be inseparable from the particular 
note. It is probable that it renders tbo bird less conspicuous (see Van Oordt 
and Huxle}', loc. dt.). The note was given repeatedly by the solitary bird 
(female) that was there at interv^als from noon to «3 p.m. Occasionally the 
bill would be dipped as in sexual excitement. At one time she indulged in 
what w^ere obviously practice dives, just in and out, emerging two to four 
lengths away. This was repeated five times in quick succession. 

Shortly after, the male arrived. The female speedily joined him, and the 
pair swam towards me, the female leading, with bill slightly open. When 
close to the bank, the female suddenly performed a remarkable action, 
obviously of a sexually stimulating nature. She stretched her neck forwarda 
at an angle of perhaps 30^ with the horizontal, the head and beak also 
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pointing up^ but at a less angle. The neck itself was straight and rigid. In 
this pose she swam close up to the male, crossing his bows, so to speak. 
Whatever its significance, the performance was exciting to watch. There 
was a tenseness about the bird’s attitude, a rigidity, which has H[)een com- 
mented on by other writers, notably by E. Selous, in connection with various 
sexual ceremonies in other birds (Selous, ’01-’02, ’05 a, ’05/>). I can best 
describe the impression it made on me by saying that it was like that 
apparently produced by certain sexual dances of savage tribes — the whole 
thing fraught with the significance of sexual emotion, and mysterious in tiie 
sense of being thus emotionally charged far l>eyond the level of ordinary life, 
but completely natural and without restraint. It is fairly clear that, even in 
animals, the emotional tension during sexual excitement is far higher than at 
almost any other time, and that the impression given to the observer is, 
therefore, not wholly a subjective one. 

On this occasion the male was absolutely unresponsive to the female’s 
“ stimulating ” action. The pair went off together ; after some time tlio 
female started to go b}' a long route across dry land to the nest, but soon 
gave it up. The pair then swam, the female again leading, to a little bar 
covered with moss on the far shore. This bar I afterwards examined, and 
found that on it there was a rudimentary nest, built almost entirely of the 
moss which was bore abundant, both on the bar and under the surface of the 
shallow water near by. Another such ‘"nest” was found on the shore of 
a second tarn on which a second pair was breeding. Very similar structures 
are Iniiit by the Crested Grc^ie ; and in both cases their function appears to 
be the -anie — they are the places on (or near) which the act of coition occurs. 
«Iu3t before arriving liere both liirds simultaneously looked into the water” 
{vide sv/tra) for about 20 seconds ; there was also a good deal of beak-dipping 
by both male and female. On arriving at the j;)ar the female turned and 
gave an energetic splash-dive. The male responded l)y a less energetic 
splash-dive. The male then crawled out on the mossy bar, onto what I later 
found to be the pairing-nest; there he stood upright, stamped alternately with 
his two feet several times, and then sank down as if brooding. He plucked 
si^all fragments of moss in his beak, and apparently placed them round 
himself as if adding to the nest. The female meanwhile was swimming close 
to the l)ar, in water scarcely deeper than lier draught, giving repeated >plash- 
dives. Her tail (which of coarse was very short, as in all Divers and Grebes) 
was repeatedly waggled up and down. The association of this motion with 
copulation in birds is obvious and well-known. However, she did not land, 
Wt swam across to the right and back, giving several more splash-dives ; 
the, male got up and scrambled back into the water. The pair then 
went to the nearest point to the true nest, both diving twice e?i route (not 
splash-dives) ; the female led, at a fast pace. After one short abortive 
excursion overland towards the nest, followed by swimming off the shore, she 
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went right up to the neet and settled down on it. The mole dozed on the 
open water with his head under his wing. It was remarkable that since the 
arrival of the male not a single sound had been uttered bj either bird. 

About 4ialf an hour later the male flew off. The female continued to 
brood. At one time a Richardson’s Skua came down close to the nest. This 
was the signal for the Diver to give a series of mewing calls, with neck out- 
stretched in the direction of the enemy. (Occasionally the neck may even be 
directed slightly downwards.) About 7 P.M. 1 went off to carry out some other 
work. On returning, she was on the tarn. I visited the nest; and found it 
a low heap of mud with a shallow depression, and a moderate amount of 
moss round the rim. There were also several pieces of slate on it, but it was 
not clear whether their presence was not purely accidental. 

On my returning to the liiding-tent, the bird soon came Imck to the nest. 
At 7.45 P.M. the male came back to the tarn. The female continued to sit 
without making any sign for a few minutes, but then suddenly left the nest 
and joined the male. Both appeared excited, and “ looked into the water ” 
several times in quick succession. Immediately afterwards they both assumed 
a very poor “ snake attitude,” with the neck only sliglitly arclied. This 
lasted but a short time ; the female then gave five splash-dives in rapid 
succession. The pair then indulged in a snake-cercmony, swimming towards 
me almost parallel, neither markedly leading. It was, however, a poor affiiir 
compared with those at full intensity of emotion. They then swam close up to 
the moss-bank on which was tlie pairing-nest, the female leading ; she swam 
close in and was. obviously excited, but the male did not follow. After both 
had had a spell of rest on the open water, the male looked up and soon 
started a *‘roll-growi ” (the first sound given by either bird since his arrival). 
The tomnle soon joined in, and a typical snake-ccrcinony followed. They 
then returned, the female leading, to the moss-bank. The male scrambled 
out again on to the bank, but at tlie other end from the nest. He trampled 
as before, but less often, and settled down, but did not pluck any moss. The 
female, however, after first pecking at the moss on the bank, turned, put 
her bead under water, and proceeded to poll large pieces of moss up from 
the bottom. These she then jerked backwards over her shoulder, dropping 
them carelessly into the water and showing no further interest in them. 
This she did eight or nine times in quick succession. After pecking up 
moss, both birds usually gave a sharp, emphatic shako of the head. 

The male then got off, made for the shore near the true nest, and sat 
there some time on the mud. Then both came out onto open water, and 
a good deal of mewing in duet went on. 

The female then led the way to the moss-bank, where (I quote from my 
notes) ‘'she beached heraeif, stem just in water, breast cm land, head 
down. The male followed, mounted onto her, standing seariy upright, 
and copulated or attempted to copulate (it did not Ipok as if he WM 
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snccessftili but this is hard ,to judge). He then walked up her body and off 
her right shoulder (in this whole action behaving very much like the Crested 
Orebe).” 

The female remained perfectly motionless for one or two minutes, in the 
same extended position ; the male, after sitting on the bank for a slightly 
less time, took to the water. The female than sat up, plucked up pieces of 
moss as before, but fewer and with less energy, and then joined her mate on 
the water. After swimming, with the male leading, they turned ; the female 
gave a short flight of a few yards, the male swimming rapidly after her ; the 
male then gave a similar short flight. Both shook their heads emphatically 
several times (compare the Crested Grrebe). After a short time the female 
got up, followed at once by the male, and both flew off westwards and were 
lost to sight. This abandonment of the nest with an egg in it was remark- 
able ; possibly they were more upset by the presence of the tent than they 
appeared to be. In any case, apart from the presence of a pair of birds 
which may or may notjliave been the same, for a short time next day, the 
tarn was aban<loned, and the egg fell a prey to Skuas within 24 hours. 

Another nest was discovered on a neighbouring tarn on July 7. This 
already contained two eggs, although this tarn had been still later in tliawing 
than the other, and had ice extending for some distance in from all its 
margins on July 2. This tarn was within a short distance of camp, and 
the “ roll-growl,’" signifying the nintnal ‘'snake-cjereniony,^’ was frequently 
heard from it («?. ff. 5.30 a.m. July 9). This shows that mutual “courtship*^ 
continues, as in the Grebe, throughout the incubation j»eriod. On investi- 
gating the banks, a (KX^k’s nest,” similar to the one already described but 
rather more rudimentary, was discovered, also on a ratlier mossy part of the 
shore (as a matter of Fact, the only mossy part in this tarn) ; doubtless it, too, 
subserved the function of coition. 

The association of the mossy bar with the rudimentary nest is interesting. 
The true nest often contains some moss ; and the l)eiiaviour of the female, 
nhove recorded, in plucking up moss from the bank shows that in the Diver, 
ns in many other birds, the handling of nest-material has a sexually 
emotional association. It is presumably this emotional association which 
prompts the choice of a mossy bank as the site of the pairing-nest. There is, 
however, far less nest-matenal employed than by the Grebes; and 
accordingly nest-material plays a smaller part in the Divers’ sexual 
ceremonies. 

On my arriving at the hiding-tent on the evening of J uly 9, the female, 
who was sitting, was rather suspicions, left the nest, and swam about 
restlessly on the pool for some time. Although ulone, she frequently dipped 
her head half into the water, as previously described, for 5 to 15 seconds. Thus 
this habit, which is undoubtedly the main associationaP’ habit of this 
s|»ecies, may bo associated with other emotions than that of sexual excitement — 
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in this case, with that of anxiety. It was here evident that it was per- 
formed especially when the bird was particularly nervous ; for instance, 
whenever she approached the nest-region. This she did repeatedly, sheering 
off six or eight times before finally plucking up courage to ascend the nest. 
The looking in the water alternated with a curious action of the wings, 
first one and then the other being raised very slightly. This was not 
^eeu at any other time. The male arrived on the tarn about 6 p.m. The 
female flew along the water to his neighbourhood, utfering a repeated cooing 
note. Both made towards the nest, the female leading, swimming very low 
in the water and cooing; she made one short dive. Both then cooed in 
unison. No ceremony followed, however, and the female soon went on to 
4^he nest. The male shortly afterwards flew off, but returned within half an 
hour. No excitement occurred within the next hour. After this ho several 
times came up close to the nest, and gave the cooing call, which was some- 
4bimes given by the female in response. Soon after this he flew off. Here w^e 
have evidence of sexual ceremonies in the morning, but a very “ dull evening.’^ 
Probably the mutual ceremonies are practised less, and less as incubation 
f>roceeds. 

Next day (the 10th) I was in the tent from 2.45 to 5 r.M. The male did 
not appear at all. The tent was now pitched at 6 }'ards from the nest. The 
bird was markedly less nervous than the day before, but every time that she 
approached the nest from the open water, she dipped her bill several times 
before venturing on the difficult overland traverse. This corroborates the 
interpretation of the looking into the water as an expression of emotion. 
On the 11th, the last day we spent qn the Foreland, I spent 12.30 to 2 a.m. 
usit this tarn. The male again did not appear. The female appeared to be 
sitting whenever I was w^atching ; but there is no doubt that the male is to 
be found sitting in this species (Witherby, W, &c.). During this j>eiiod 
the three birds previously referred to (p. 257) fle^ down and, after circling 
pound, alighted on the tarn. All were very alert in expression, and were 
repeatedly dipping their beaks into the water — L e, under the influence 
of emotional excitement. From their sizes, I should say tiiere were two 
females and one male. After a few minutes they rose, circled round again, 
and again settled. One separated from the other two. The (apparent^ male of 
4hese two arched its neck very slightly, as if going into the snake position ; 
on this, the other bird dived and emerged in the vertical Penguin ’’attitude, 
as already described. The immediate fluttering over the w^ater by the 
remaining bird on the female’s diving indicates that this is a regularly* 
occurring ceremony and that the emergence was expected ; the same is true 
in the Grebe. 

The Penguin bird dived again, witii a splash ; but before it had 
•emerged, the other two had both, for some unknown reason, flown off. The 
-diving bird emerged in an abortive Penguin ” attitude, looked round to see 
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where the other was, and then it, too, rose and followed the others. They all 
three made off in wide sweeps^ and were finally lost to view some miles away. 

I take it that these three birds were not yet paired up for the season. 
Possibly here, as in the Crested Grebe (Pike, *13), some birds do not nest, but 
continue courtship ’’ actions throughout the season. The long flight to the 
tarn and away again so soon after is of interest; it may have been a pursuit ; 
but, if so, it is interesting that the bird which took the chief initiative in 
courtship on the tarn was probably a female. 

Other Ohserrations mi the lied^throated Diver s Courtship. 

Before proceeding further, it will be as well to mention the actions 
cbserved by others in the same species. E. Selous (’12) made observations on 
a family in Scotland, during July, at a time when the young vrere hatched, 
and were being looked after by both parents. Although he was 'watcliing 
steadily for over three weeks, he only saw “ courtship ’* behaviour on three 
occasions. This in itself is of interest, as showing that so long as the breeding- 
season lasts — I. e. at any rate so long as the instinct for caring for the young 
persists, and possibly until the autumn moult — the possibility of sexual 
cen*monies ap[>eariiig in special circumstances will also persist. The obser- 
vations of Pike (^13) are of iiiterOsSt in this connection. He states that a large 
percentage of the Crested Grebes on a certain breeding area, although mated 
uj), failed, for sgme unknown reason, to build or lay in the season when he 
•was there : these birds, and apparently none of the other pairs, continued 
their well-known mutual courtship late into the season (i.e. after the normal 
time for incubation was over). Facts bearing on this problem are well 
known in other species ; for instance, in many birds, the final liberation of 
the parents from feeding the young, when these are old enough to look after 
themselves, is often marked by a recrudescence of various sexual activities. 
These are similar to the truly epigatnic activities of the early part of the 
season, though they now, of course, have no function. Similarly, in birds 
which rear two or more broods, there is usually a recrudescence of epigamic 
ceremonies in the interval between broods. Looking at the matter from an 
opposite angle, we find that the song of many birds, e.ff. the Nightingale, 
ceases immediately the yonng are hatched— t. e. as soon as the male embarks 
upon the new duty of helping feed the young. Mr. Eliot Howard informs 
me that in birds such as the, Buntings, in which the males occupy territory 
long before the females arrive, the volume of song in the first period is 
greater than in the period immediately after the arrival of the females. This 
has been corroborate for other species, e.g. the Blackbird (Dewar, ^20). 

In a very similar way, the female, on reaching a certain level of endocrine 
stimulation, will permit and indeed solicit coition ; her emotional activity 
will also find relief or expression in the building of the ne^>t. Coition brings 
about egg-laying, and nest-building brings about the finishing of the 
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a new period is thus introduced in which new objects are introduced to the 
bird. Her exoitatim, so far as it is determined internally^ remains at the 
same level, but her activities are determined also by the objects presented^ 
and she now be^ns to incubate. In the absence of nest and eggs she would 
revert to the behaviour of the preceding stage— coition and nest-building 
once more,, as is shown by the behaviour of birds whose nest and eggs are 
destroyed after incubation has begun ; but in the absence of the internal 
stimulation by the secretion of the gonad^ she would neither brood, nor be 
eager for coition, nor build a nest. 

The annual cycle of a bird is therefore divisible into a series of periods, 
determined (a) by the state of internal atiinulation, {h) by external objects — 
the presence or absence of mate, eggs, young, &c. These latter will 
determine the division of the breeding-period into a number of sub-periods. 
In the third place, (c), an influence on behaviour is exerted by general 
environment — by the stato of the weather, the abundance of food, &c. 

So long, therefore, as the internal stimnlation persists at the same intensity, 
the snb-periods will be mainly determined by the external objects presented 
to the bird. Bnt, while any one sub-period will be characterized by one 
predominant type of behaviour, the other types of behaviour will be latent 
in the bird all the time, and may emerge under special circumstances, 
though rarely, so long as the breeding-season (t. e. the secretion of the gonad) 
continues. 

To return to Selouses observations on the Diver. The male had just fed one 
of the chicks ; be then approached the part of the pool where the female and 
other chick were swimming ; the female also swam towards him. On the 
two birds coming to within a 'certain distance, both made two short 
flights towards each other over the surface of the water; each time the 
flight ended by the birds “ as it were walking on the water, as a Penguin 
walks on the land, bolt upright, with the whole of the white expanse of the 
under surface .... showing.'^ It is like “ a Penguin running a few steps, 
and then, for an appreciable period, standing upon the water, the naked legs 
and feet just hidden by it.^^ On another occasion, the male of another pair 
was seen to alight on the water on its return from the sea, and to end its 
alighting in the following maimer : it footed it, for a little, towards another 
one, presumably its mate, .... maintaining with the help of its wings the 
upright Penguin-like attitude.” 

On the third occasion, the female had started to give a special note with, 
head stretched forward ; she then began advancing towards the male in a 
series of little plunges. This stimulated the male to do the same. Each time 
the cry was given, the neck was arched and held rigid. They eventually met, 
and then quieted down. 

It is interesting to note that none of the actions recorded by Selons are 
identical with those seen by me. This is probably due, at least in |mrt> toj! 
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the different period at the time of observation. On the other hand, they are 
built up out of the same elements. 

Bent (’19) says of all the species of Diver, as well as of numerous other 
Pygopodes, that they migrate in pairs, or at least arrive at the breeding 
localities in pairs, and select the nost-site as soon as possible. He believes 
they pair for life. In all species it appears probable that both sexes incubate 
(although from my personal observations it appears that one bird, pre- 
sumably the female, takes much longer spells than the other ; and see Turner, 
’13). 

(Courtney, quoted by Chapman (’22), gives a beautiful drawing of a common 
courtship ceremony of the North American Loon {Colymhus immer)^ in ^vhich 
one bird rises into the erect position, and runs along the surface of the water 
in this attitude for some way near another. 

Bent {loc. cit.) refers to the “ maniacal ’’ screeching laughter of this species 
in the breeding-season. 

Seidlitz t’13), writing of the Black-throated Diver, says that each pair has 
a well-marked and large territory (ZfenVr). He states that there are as 
many unpaired as paired birds ; these are birds of one, and possibly of two 
years of ago. He does not mention whetlier these evef* indulge in court- 
ship ceremonies. This would be a point of considerable interest. 

Balir (^07) mentions the dipping of the beak into the water when the bird 
is nervous and afraid to return to the nest. He also, on one occasion only, 
saw a very nfinarkable performance by a single lled-throatod Diver. The 
bird ascended to a great height, and then descended headlong, twisting and 
turning as it did so, the air rushing through the feathers making a noise 
“like a train.” Such descents are, of course, well known in many birds, 
e,g. Hook. They are common in Louisiana Heron, Little Blue Heron, and 
Snowy Egret on returning to their rookery, and I have on one occasion seen 
a somewhat similar performance by our common British Heron. It is 
probable that these actions should be classed as play, and not as courtship. 

Hatch, quoted by Bent {lot\ rlt,)^ states that €• imtner has a remarkable 
family habit. When the young are (apparently) well-grown, they sleep wn'th 
their parents on the pool. In the early morning, before sunrise, the male 
parent gives a special call; all draw near, and, after a little inanosuvring, start 
to run over the water side by side in a line “at incredible speed,” with the 
wings about a quarter-extended, the whole motive power being derived from 
the feet. They run thus for about 400 yards, then wheel, and return to the 
starting point. This is repeated several times and suddenly stops. It would 
he interesting to have further observations on tins extraordinary ceremony. 

Interpretation. 

It will be seen from the above that (as in many, and indeed in most, of 
even our commoner birds) much remains io be known about the life-history 
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and especially the relations of the sexes. Those ifrho have opporinnity, 
patience, and a good glass, and are willing to take full notes, will find that 
steady observation of almost any species of bird at the beginning of the 
breeding-season, particularly if a single pair can be followed throughout, 
will bring results which may be of very considerable interest, both from the 
standpoint of pure biology and also from that of comparative psychology, as 
well as being in itself a very fascinating occupation. 

The following paragraphs must therefore be taken only as a provisional 
interpretation of the observations which have so far been recorded. 

The Red-throated Diver is monogainons ; possibly it pairs for life. If it 
pairs for life, it follows that the pairs will have some form of association even 
. through the winter. In any case, however, a change occurs in spring. 
Either the loose association of male and female is replaced by a much more 
intimate one, or else the birds have been really unmated during the winter, 
and now do separate out into pairs. This must, of course, be the case with 
birds which have not previously mated. In any event, the change is definite, 
and warrants the term ‘^pairing-up’* which is usually given to it. This 
change is presumably associated with a change in the reproductive organs, 
which start to secrete their specific hormones. 

The pairing-up appears, at least with some individuals, to occur in the 
winter haunts. When so, it is. followed, probably shortly, by migration, in 
pairs, to the breeding-grounds, where each pair as soon as possible stakes out 
a territory for itself. The present species appears to breed on small pieces 
of water, and probably the territory is, in most instances, coterminous with 
the nesting-pool. 

The fact that the pair migrate together and choose the nest-site and 
territory together is in strong contrast to the occurrences in such Passeres 
that have been fully investigated, such as the Sylviidas and the Embertzina^, 
in which the males alone stake out territory (Howard, ’20), and, if migration 
occurs, migrate before the females. However, it seems to occur in inany* 
Pygopodes (Bent, ojh vU .) ; and in Herons (unpublished observations of my 
own), although migration is in flocks, the choosing of the nest-site is Under- 
taken by the pair together. 

Although from the evidence of others it appears certain that pairing-up 
may occur before migration, yet my own observations appear to point to this 
not being universal. The fact that the “ Plesiosaur ” ceremony oocnrred 
frequently during the first few days of our stay, but later was absent or very 
rare, as well as the fact that the simplest interpretation of it was that it was 
concerned with the “choosing” of mates, indicates that probably a good 
many birds arrive uiimated on the breeding.grounds. Possibly (T throw this 
out merely as a suggestion) the birds which have nested before, pair np in 
winter quarters, while those which are about to nest for the first time do Oot 
do so until they arrive on the breeding-grounds. 
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The “ Plesiosaur or “ race ** ceremonies, then, appear to be competitions 
for a mate. It is of interest to find that when three birds are participating 
in these ceremonies, their respective sizes indicate that they may be eitlier 
two males and a female or two females and a male. This is in accordance 
with the rest of the facts observed about courtship in this species — the two 
sexes appear to play almost identical (or interchangeable) r61o8. 

The only occasions when I observed the dive followed by the “ Penguin- 
like*' emergence, also seemed to be in this pre-^mating period. The erect 
** Penguin** attitude, however, as Selous* observations show, is not only con- 
fined to this period, although he does not record diving followed by this attitude. 

There is, however, another possible interpretation of the participation of 
three and four birds in these ceremonies, which may be best understood after 
a brief digression. In the Buntings, as Mr. E. Howard kindly informs me, 
during the period while male and female are both present on the territory, 
but coition and nest-building have not yet begun, every day begins in the 
same identical way. The male wakes first : later, the female emerges too 
from her roosting-place : after a short time the male flies at her, eager for 
coition. She however flies off, and there follows what Howard calls the 
“ sexual flight,” when the female, dodging and twisting, is pursued closely in 
her rapid flight by the male. Eventually the bir.ls seem to get exhausted, 
and alight. Such pursuit flights are of course well known among many 
species. What is of special interest, however, is the fact that once the 
flight has started, it is a source of great excitemeut to other males in the 
vicinity, and, aliliough these males may have been long in occupation of 
territory, and mated, yet one or more will usually join the rightful male in 
the pursuit. In passing, it should be observed that this instinct of other males 
to join in the excitement of these pursuits appears to be at the bottom of 
those undignified skirmishes of the House-Sparrow, in which a single 
unwilling female is mobbed by a number of males ; and see also Bent, op. cit.^ 
pp. 186-191, where the Californian Guillemot is described as becoming very 
much excited at the sight of an act of coition by another pair. 

It is conceivable that the Plesiosaur race of the Diver may be a mutual 
“ post-mating ” ceremony, essentially identical with the snake-ceremony ” 
described as occurring later in the birds* history, but, since it takes place 
before the nest is built and other activities share the birds* mind, differing in 
its greater intensity. If so, then the participation of three or four birds in 
the ceremony may be due to others joining in under the influence of 
excitement— others which are either wholly nninatod, or else are mated but 
temporarily without their mates. Since ^ there were almost always several 
birds on the lagoon, while the nesting-pools hardly ever had more than a 
single pair on them, and since further ihe greater level of emotional excite- 
ment in the Plesiosaur oeremony is unmistakable, it would be quite 
intelligible that the threes and fonre were only seen on the lagoon, and only 
{^rforming in ihe Plesiosaur, not in the snake ** ceremony. 
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For the present, however, I prefer to think of those as ceremonies 
actually connected with inating-up. If so, they are interesting, as they 
would be, so far as I know, the first pre-mating ceremonies described which 
were mutual,^’ in that both sexes played similar rfiles. Farther observations 
are urgently needed, not only on this particular point, but on the whole 
problem of pre-mating ceremonies, esiiecially in species with mutual post- 
mating courtships. 

In any case, the post-mating ceremonies are essentially mutual. The 
commonest is the snake ceremony, the incentive to which may, to judge 
from my observations, be given by either sex. This ceremony, like the 
pre-mating ones, may often be ‘^self-exb^lu^^ting in the sense that, as in the 
Crested Grebe, it need by no means always or usually lead to coition, but 
may be followed by a relapse into ordinary non-sexual routine. Here, 
however, I should like to put on record that further observation on this 
species and on Grebes has convinced me that such ceremonies may often 
have a stimulative effect, although that effect may be gradual and in a sense 
cumulative. It is very common in the Grebe to see a pair repeat a series of 
mutual ceremouies at frequent intervals, and finally go off in the direction of 
the nest and pairing-platform ; this has also been observed in the same species 
by Selous, and clearly occurs to some extent in tlie Ked-th routed Diver. 
That in certain circumstances the ceremony may be completely self- 
exhausting is perfectly intelligible : like theesong of most Passeres, the 
performance of the ceremonies is definitely pleasurable in certain states of 
emotional tension. Physiologicall} , it is then performed for its own sake ; 
it may or may not, according to various circumstances, have the further 
biological function of raising the emotion to a pitch at which coition is 
desired. 

On the other hand, there is no evidence that in the Divers there exist special 
attitudes and ceremonies especially used as a symbol of readiness to pair, us 
in the Grebe. The approach to the pairing-platform is in itself a sj^mbol of 
some degree of readiness to pair. The emotion associated with this may 
apparently again be dissipated by excited action.s, such as the pulling of weed 
from the bottom, and by the ascent of the pairing-platform without actual 
coition. 

The situation of the pairing-platform in a mossy situation is of interest. 
Moss is often but apparently by no means always used as nest-material, and 
in any case always in very small quantities ; the birds can never handle it in 
such large amounts during nest-building as they do in the vicinity of the 
pairing-platform. Two hy|iotheses might be considered in regard to this. 
In the first place, it might be a reminiscence, the birds having in the past 
employed more moss in nest-construction than at present. Or it might 
represent a specialization ; once the divergence between nest and pairing* 
platform bad arisen, and the emotions connected with coition had become 
attached exclusively to the latter, new ceremonies, based on the handling 
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of nest-material in the first instance, might have been developed in 
association with the pairing-platform to a much greater pitch than they 
had ever been formerly. If this is so, and offhand I am inclined to 
accept it us the more probable, there has been an evolution of ihe pairing- 
platform and the ceremonies connected with it, which is in many ways 
similar to that of the Bower-birds’ bower. 

Personally I have not seen nearly so many post-mating (.'oremonie.s in 
this species as are to be observed in the Crested Grebe. This is undoubtedly 
due in part to the paucity of my observations. The work of Selous shows 
that “Penguin'’ ceremonies do occur in this period, and, it is interesting 
to note, continue, tliough rarely, after the young are hatched. Thus the 
physiological state (presumably dependent on gonad in I secretion) iluring 
which epigamic ceremonies can bo performed extends, apparently in all 
birds, up to the very end of the breeding-season ; it does not then issue so 
frequently in “ courtship/’ because incubation and the enre of the yon* g 
afford other outlets for physical energy and emotional tension. 

On the other hand, only three, or possibly four types of epigamic ceremony, 
whether pre- or post-mating, have been observed at all in this species, 
whereas in the Grebe six have been seen ; and tlu^ greater abiimlance in 
the latter is probably not only apparent but real, and associated witli tin* 
greater development of C))igainie ornament in the (Jrebe. 

Incubation appears to be undertaken mainly by one bird, the ^mallero^ the 
pair ; but there are numerous records of males also int ubating, and it is 
probable that in the Divers, as in othci forms with miitnal courtship, there ir- 
a sharing of the duties of incubation as well as those of caring for the young. 
It is noteworthy that no ceremonies associated with nest-relief have been 
observed in the Divers or Grebes, whereas they are common in Herons (my 
own observations). Pelicans ((’hapinan, ^08), &c. It would be important to 
find out the range of size in male and female Divers. I am inclined to 
believe that a single biniodal curve would be obtained. For a discussion of 
sex-difference in birds with close similaritv of male and female, see Huxley, 
*22 h. 

General Discussion. 

It remains to discuss some of the general signiticance of such forms of 
mutual courtship as are seen in the Divers, Grebes, Herons, and Egrets — to 
mention only birds whose sexual habits 1 have myself investigated. 

As I have recently pointed out (Huxley, ’21), it is imj>ossiblo in tlie 
present state of our knowledge to maintain that Darwin’s original theory of 
sexual selection is adequate to explain the origin of most of the sexual 
ceremonies and adornments to be found in monogamous birds. These 
adornments are chiefly used in ceremonies which take place after mating-up 
has taken place for the season. There cannot therefore be a direct selection 
as between one male and another in respect to them. It may be mentioned 
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in parsing that there is evidence of this direct competition (using the word 
in a metaphorical sense) between males in at any rate some polygamous 
species, e.g. the Blackcock (Selous, ^09). What, then, is the function of the 
sexual adornments and ceremonies— for the most casual observation is enough 
to convince anybody that they possess some function ? 

It is to be observed that sexual ceremonies and colours or structures which 
are displayed solely or chiefly during such ceremonies are only to he found 
in animals of a certain grade of nervous organization. Observation on 
newts, which are remarkable in that the males deposit their sperm in the 
form of spermatophores first and afterwards go through their display 
ceremonies, indicates that the function of the display is a stiuinlative one, 
designed to stimulate the female to pick up the spermatophore (quoted in 
Pycraft, ’13) . The experimental work of Sturtevant (’15) on Jhosophila 
entirely corroborates this view. The male in this species performs special 
actions with his wings when courting ” the female. .Sturtevant found that 
males with the wings cut off, when imprisoned singly with females, succeeded 
in copulating, but after a longer time than normal males in a similar 
situation. On the other band, when each female was placed with two males, 
one normal, the other with amputated wings, it was found tliat the wingless 
males were successful in copulating almost as often as were the normals. 
This can only be interpreted to mean that the wing-waving ceremony 
stimulates the female in such a way that she is then ready to receive 
any male in copulation. Morgan (^19) appears to adopt this attitude in 
viewing the whole sexual selection problem, but his statements are not 
very definite, and he does not .bring first-hand observation to bear on the 
question. 

Observation of most of the post-mating courtship ceremonies of birds 
bears out this interpretation. If we for a moment confine ourselves to 
a consideration of birds with distinct sexual dimorphism, either of 
colour and structure, or at least of behaviour, we can say (1) that the 
female is always or usually at a lower level of sexual emotion 
male ; (2) that the nervous organization of birds is so advanced that 
behaviour is no longer merely reflex, but that it dei>ends in the main on 
highly-developed instincts, each associated with a particular emotional 
tone. The centres for the instinct require to he stimulated before the 
impulse to the particular instinctive action is felt ; tliere is a certain 
minimum intensity of stimulation necessary, which, as we have just said, 
is, in the case of the sexual instinct, generally higher in the female tlian 
in the^ male ; (3) that, accordingly, a necessary preliminary to coition is 
the raising of the emotional state of the female to the level at which her 
sexual instinct is stimulated to action. 

If we like to sum it up from a slightly different angle, we can say that in 
birds (as well as in other groups), mental organization has reached a pitch at 
which the higher centres concerned with emotion play a predominant part in 



COURTSHIP ACTIVITIES IN THE RED-TUUOATED IHVBH. 


271 


determining behaviour, and that a stimulation of the emotional centres is a 
necessary preliminary to coition. In a precisely similar way, at an oarlier 
stage of evolution, a sbige of general bodily organization was readied at 
which internal fertlization was desirable or necessurv. On this stage being 
reached, it became imperative that coition should occur, and that, in practi- 
cally all cases (the majority of birds constituto an exception),, specialized 
Gopulatory organs dilFeriug in the two sexes should he develojied. Both (a) 
copulatory organs and {li) most of the courtship cerenioni(\< an<l e})igainic 
structures we have been considering can therefore he classcil under the same 
head— -viz. as accessory sexual organs. I have lieard this point epigraiii- 
matically summed op in discussion liy the remark that, this type of male 
courtship is a “ psychological penis.” In any event, it is elenr that just as 
no one has ever considered it necessary to postulate a sjxciid type of selection 
to account for the origin of copulatory organs, so the origin of courtship, so 
far as it is of this stimulative type, does not deinuud tho special evolutionary 
mechanism of Darwinian sexual selection to explain it. 

The question may now be raised as to the relationship between this 
“stimulative” courtship in species with sexual dimorphism and courr>hip in 
species where the appearance' and behaviour of the sexes are similar. To 
answer this we must go back for a moment and ask a more fundamental 
question : — What is the reason, in the dimorphic species, for the ditlereiice in 
sexual excitability between male and female ? There may ho some primary 
difference between the sexes which tends in this direction, but tluTe can be 
little doubt that the marked accentuation of this, wdiieh is seen in most 
dimorphic species among the higher animals, has for one main funcllon, as 
has been several times suggested {e, especially by Uroos, “08, and E. Ilowaid, 
’07-’14), the regulation of coition. If both sexes were highly excitable, 
coition would occur too often ; on the oilier hand, it would he undesirable to 
reduce the strength of the impulse too far, until it was near the lower level 
at wrhicli it ran the risk of being extinguished under tho pressure of accidental 
unfavourable circumstances. (There is much evidence to show that, e. g , cold 
and damp have a markedly depressing influence on the sexual activity of bird;!..) 
An obvious method of ensuring the golden mean between the danger of 
excess and that of possible snppression of the instinct is to have one sex with 
a very strong instinct, or at least one w^hich is readily excitable, while that 
of the other requires considerable stimulation to arouse it. (We have already 
seen that the instinct must be aroused through stimulation of the higher 
centres.) 

There is, however, another method of ensuring a similar result, and tliat is 
to have the sexes at the same general level of excitability, the male less 
excitable than in dimorphic forms, the female more so. In this case both 
sexes will constantly be reaching the level of stimulation at which desire for 
coition ooours. On the other hand, here again it is unlikely that both 
will at the same moment spontaneously reach this level— -unless both were 
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keyed so high that an undue amount of coition resulted. Further, when the 
level of readiness to pair is reached, it does not follow that the bird will be 
under that amount of emotional tension which results in some physical 
expression being necessary : in fact, this appears to be the accompaiiimont 
of a definitely higher level of excitement. Courtship ceremonies which 
result in these circustances may therefore have one of two functions. In the 
first place, they may be performed by one alone ; they may then convey to 
the other that the first is ready to pair — in other words be informative in 
function — or in addition bo stimulative^ and help to key the other up to the 
requisite pitch. The stretching-out in the passive pairing attitude which 
occurs on open water in Crested Grebes (Huxley, ’14) and on the nest in 
Dabchicks (Selous, ’15) appears to be primarily such an informative 
symbol, although it is at least probable that it is also stimulative. On the 
other hand, there are many other eourtshij) actions, such as the majority at 
least of the mutual post-mating ceremonies described both for the Diver and 
the Grebe, which appear to bo primarily, or in any ease, primitively stimu- 
lative in function. They are not symbolic, in the sense that they are not 
represen tuitions of coition attitudes, and both birds take part in them, usually 
though not always performing similar roles.' Those have as their original 
function the raising of the level of sexual emotion — only here it is a mutual 
raising of an originally similar level. It is true that, as in the Grebe, these 
ceremonies are frequently what I have called self-exhausting, and do not 
lead to coition, but this is probably secondary ; it is also probable that 
they may have other functions besides that of stimulating to coition. 
Both these points, however, we ^nust discuss later, as also the reason for 
the existence of the two different methods of dimorphic and of mntual 
courtship. 

It is no doubt often difficult to distinguish between the two ; but in the 
Crested Grebe at least there appears to be a real distinction. Objectively 
(^^ behaviouristically ”), e.g. the pairing-attitude is adopted only near the nest 
or pairing-platform, and is almost always followed closely by coition ; it is 
not accompanied by any of the usual signs of violent nervous activity, nor by 
anything that can be called display. Per contra^ the mutual ceremonies may 
take place anywhere, may or may not bo followed by coition, and, if so, 
generally after some interval ; they are associated with various signs of 
general nervous activity, and do serve to display special structures and 
colours. 

Psychologically, it would appear that the coition-attitude is narrowly and 
specifically associated with coition, and is informative,” denoting readiness 
to perform the act itself ; while the mutual display ceremonies are not 
associated with coition in particular, but with general emotional excitement. 
In so far, therefore, as they have a stimulative function, it is concerned with 
raising the general emotional level to the pitch required to make the birds 
repair to the neighbourhood of the nest— t. e, to bringing about the general 
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psycho-neural state within which tlie particular state of readiness to perform 
the act of coition itself can only occur. 

Ill so far as they are truly sclf-exhaustinp, and not stimulative, they must 
either bo consid(M*ed as biologically functionless, as so many by-products of a 
mental organization of the type required to execute the stimulative forms of 
disjiluy (cf. the way in which song has in immy cases become a biologically 
useless outlet for very various emotionni states, as well as subserving its 
primary functions in connection with territory) ; or, as I have previously 
suggested (Huxley, '14), their function must be concerned with keeping the 
pair, in species in which both sexes share the duties of incubation and care 
of young, more closely attached to each other throughout the season. 

Here we must be content to note that both types are accessory sexual 
characters, in the sense that their main function, like that of copulatory 
organs, is to facilitate the union of the gametes, and that they represent 
difl'erent methods of arriving at the same result — viz., the raising of the 
emotional level of the pair to a point at which coition will take place. 

It may be suggested that to speak of excessive coition, as I have done, is 
to use a phrase which it is difficult to justify biologically. It should be 
remembered, however, that experiment has shown that, in mammals at least, 
a male will, if females in the right condition are provided, continue to pair 
until his seminal fluid contains very few spermatozoa (Hays, '18 ; Lloyd- 
Jones & Hay, ^18). Normally, of course, this is prevented in mammals by 
tho fact that the females only attain the condition in which they are ready 
for coition for very short periods at a time. A further disadvantage would 
accrue from the absorption of attention in the sexual act which is so marked 
a feature in most animals. The more frequent this might be, the more the 
species would be exposed to the attacks of enemies. The whole subject has 
been fully dealt with by Groos in his interesting book ‘Die Spiele der 
Ticre' (*98) ; and see also Mottrain (’14), 

The regulation of coition, however, is undoubtedly not the only factor of 
iinportiince in the evolution of courtship. Previou.s workers on the subject 
have been too exclusively preoccupied with the epigamic significance of 
courtship. This was natural ; but they should have remembered that the 
organism is a whole. We find as a matter of fact that the form and extent 
of courtship, nay, in dome periods its very existence, is due to causes which 
are not epigamic in origin, bat connected wdth other fundamental biological 
needs in relation with the annual cycle of the animal. 

In many birds, as we shall find (see Howard, ^20), it is of prime import- 
ance for the welfare of the pair and its ofiEspring that n well-defined territory 
shall be occupied in which the nest is afterwards built, and from w^hose 
produce the young are usually fed. It is a biological advantage to occupy 
territory early ; birds which did not do so until late would find all available 
space taken up, and would have to fight for occupation. When the sexes are 
dimorphic, one will usually be tho more active in this task — almost invariably 
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the male. Bat once he has occnpied the territory, it will be again a biological 
disadvantage for the female to put off too long her quest for territory-plus* 
mate, or else she too will find herself forestalled. 

On the other hand, the exigencies of the food-supply demand that ovi- 
position should not occur until a certain date, varying naturally for different 
species, but almost always considerably later than the date at which territory 
is occupied. Thus wo have two opposed advantages— one in the early 
occupation of territory, one in the late starting of coition. As a result, there 
will be a period after both birds are on the territory — i. e. after pairing-up 
has occurred — when it will be biologically undesirable that oviposition should 
occur. This wc may call, if we choose to adopt a not wholly suitable human 
metaphor, the “ engagement period.” Extremely little is known concerning 
this period in species with mutual courtship : in many of them it is absent, 
the birds only returning to the breeding-grounds, or only pairing up, 
immediately before coition can and does occur. (This is apparently the case 
in Snowy Egret, Louisiana Heron, and many cliff-breeding birds.) In any 
case, w'hat is known is so slight as to make discussion unprofitable. 

In many dimorphic species, on the other hand, a good deal is known. 
Such an “engagement period” occurs apparently in all small Basseres which 
have nidicoloiis and insectivorous young, and wdnch therefore, as Howard 
has demonstrated, imperatively require a territory which is not merely a 
nesting-area, but a hunting-ground from which the needs of the new-hatched 
young miiy be supplied. As we shall see later, the dimorphism itself has 
probably been evolved in relation to other biological needs of the species— 
viz. the necessity for concealing poloration and behaviour in the female. 
Here, however, we shall take the dimorphism as given. 

The simplest way of satisfying these biological reqniremonts is to make the 
male enter in early spring on to a sexually-excited state in wliicli he is 
impelled to seek and occupy territory, to pair or attempt to pair with any 
female who sbiys in the territory, to assist in feeding young when hatched, 
etc. So far as his endoorine excitation goes, ho remains in the same phase 
throughout the season. 

With the female, however, the case is different. She must {mss through 
at least two phases of excitation — the first sufficiejit to impel her to abandon 
the “ neutral ” non-sexnal existence of the winter and to seek and if neces- 
sary fight for (PI. 15. fig. 7), the company of a particular male, but not sufficient 
for coition to take place ; the second, more intense, impelling to coition and 
nest-building ; when the eggs are laid, to incubation ; and, later still, to the 
care of the young. 

There will thus exist a period in which the male will be anxious for coiltont 
but the female will not permit it. Farther, the "biological causes for the 
existence of such a period are not epigamic, not concerned with the relation 
of the sexes, but are to be sought in rehition to the need for occupying 
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territory and the need for nesting at the proper time for supplying the food- 
requirements of the young. 

Such species, where territory is of major not of merely minor importance 
{feeding terriiorg as opposed to merely nesting territory)^ we may for con- 
venience call “ territory birds.’' In them, during the female's second phase, 
there is comparatively little “ courtship " on the part of the male. When 
the female feels impelled to coition, she adopts a particular attitude, and 
the male immediately performs the act. The bulk of the “courtship 
(excluding song) is <lu6 to the fact of the existence of the “engagement" 
period when the male and female are in different states of endocrine exci- 
tation, and this is a biological “accident" arising as a by-product of other 
needs and functions. 

Th(5 song, on the other hand, is, in territory birds (where it reaches by far 
its highest development), connected primarily with territory — with attracting 
females to, and warning other males off*, occupied areas. Tho displays and 
]inrsuit flights are merely an expression of the desire of the male for coition, 
a desire which cannot be satisfied in the engagement period. The display is 
in origin an adoption of the coition attitude itself, or something closely 
resembling it, brought about naturally as a result of brain-structure when a 
certain level of sexual excitement is reached ; the pursuit fliglit is in origin 
an attempt to force the female to submit to coition. 

Once, however, th<ise actions had arisen in this way, they formed a possible 
basis for further evolution. The fact (hat in large numbers of species of this 
type the male is brightly coloured, and brightly coloured in such a way as to 
display the bright colours in the above-mentioned type of ceremony, is 
evidence, though of n merely circumstantial kind, that something of the sort 
has occurred, and that the ceremonies, originally mere attempts at coition, 
have later acquired a second and presumably stimulative function. The fact 
that the males of some territory birds are not brighter than the females 
(elg, the Warblers) may vrell be accounted for on the supposition that in 
these species protection is desirable for both sexes. 

There is, further, interesting evidence to show that these ceremonies 
probably do possess some stimulative function. 

I am informed by Mr. Howard — and the statement has been in general 
corroborated to me by Mr. Jourdain and other field ornithologists — that in 
seasons when the weather has been very cold and unpropitious during the time 
of egg-laying and immediately before, the average number of eggs in a clutch 
is smaller than usual, and that the proportion of infertile eggs is higher than 
usual* This latter effect may in part be due to actual damage to fertilized 
eggs soon after laying, caused by the inclement conditions ; it may also be 
due to failure of fertilization* The smaller number of eggs in a clutch must 
be due to failures in ovulation. It is farther well known that ovulation in 
birds isj in part at least, under nervous control ; the caressing of a female 
virgin dove on the back of the neck with the hand causes ovulation. 
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Harper’s observations (discussed by Marshall, ^22, pp. 134*135) make it clear 
that the female pigeon will not ovulate unless stimulated emotionally. This 
stimulus is normally provided by the male ; but two females isolated together 
will often lay. Single females when isolated never lay (except occasionally 
when overfed, and then only a few eggs). The recent work of (/banco (’22) 
indicates that in the common (Juckoo ovulation occurs under nervous control, 
the sight of a pair of foster-parents buibiing their nest acting as a stimulus. 
It is obvious, further, that the willingness of female birds for coition is noi 
almost exclusively a matter of internal secretion as in mammals, but is largely 
under emotional control. It is also well known to field observers that the 
state of the weather has a marked effect upon the emotions and their 
expression in birds ; song and display is reguhirly far poorer on a cold, dull 
day than on a bright, warm one. Other things being equal, therefore, 
anything which tends to counteract the depressing effect of bud-weather 
conditions upon the emotions and the actions under their control will be of 
biological a<lvantage in that the number of ovulations will be increased, and 
also the number of coitions, and so the ebnnees of fertilization for the eggs 
after ovulation. There would thus in ordinary seasons be no marked 
biological advantage gained from stimulative ceremonies; this would uccrno 
in exceptionally bad seu^ons only. 

It appears, as I have already indicated, that in hints with inuiual courtship 
the ceremonies do have a stimulutive effect, although this is usually of a 
general and indirect kind, keeping the level of sexual emotion uji to a (con- 
stant pitch, and occasionally heightening it so that visits are made to the 
pairing-platform, &c., wliere coition will usually occur. It is highly proliahle 
that a similar general stimulation* is exerted by tlm more primitive displays 
of the ‘^territory” birds, although here the stiiiiulation is not mutual but 
unilateral. 

It is further clear that any display which did have such an effect would 
reap the biological advantages, mentioned in the pneceding paragraph, of 
counteracting the bad effects of cold seasons. As a mutter of fact, even in 
these bad seasons some nests will be found with full clutches of eggs and 
normal proportion of fertile eggs. There is, therefore, a form of natural 
selection actually in progress here, which (as often) is only operative in 
particularly adverse conditions. 

It is of very great importance that this point should be cleared up, and 
that field ornithologists should undertake careful statistical work on the 
relation between weather, number of eggs in a clutch, and percentage of 
infertility. It is only so that firm bases can be found for biological theories. 

It must now be asked, as regards stimulative displays, wliat form of 
stimulus has been adopted and why. So far ns males of dimorphic species 
are concerned, what is the position? It is that they are subjeoU^d to a 
mental stat<^ which is comparatively rare in organisms below man, of being 
stimulated by a powerful emotion but being unable, so long as the female 
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remains passivei to express it physically by the natural channel proper to 
the instinct wliich it accompanies. What will the consc«juence be ? It will 
be ihat the psycho- physical energy will discharge into other motor channels, 
since it is debarred from discharging into its proper and normal channels. 

Perhaps the most frequent way in which it is discharged in birds is by 
rapid, restless movement, accompanied by drooping and partial spreading o£ 
the wings, spreading of th<? tail, and erection of feathers, especially on the head 
and breast. This type of action seems to have had a dual origin. In the first 
place, it is often very similar to the actions normally adopted at coition, e. as 
Mr. Howard informs me, in the Bantings. In the Warblers the similarity is 
still marked, but to a lesser degree. As I have suggested, it is probably the 
direct result of the unsatisfied desin^ for coition. In the second place, 
however, it ap]»ears to represent the result of a general state of excitement, 
quite apart from any representation of coition attitudes. It is often difficult 
in any particular courtship ceremony to disentangle the share of the two 
contributions. In the (rrebe, for instance, the ordinary ceremonies arc in no 
w’ay representations of coition actions, while in the Buntings they are almost 
wholly^o. In any event, the dual origin of the ceremonies as a whole is 
clear — general expression of hyper-excitation combined with more or less of 
the typical coition attitu<l6S. 

Once this type of action exists, however — and it will inevitably com© into 
being in some form or other in the conditions which we have outlined,— -it 
will naturally form the chief basis for the development of >pecia]ize(l court- 
ship actions and courtship colours and structures belonging to the stimulative 
type. When it is llie wings and tail which are spread ami the crown and 
breastr-feathers which are erected, it will be inevitable ihat, if further stimu- 
lation is advantageous, it will in the main be achieved by making these parts 
more conspicuous (so as to accentuate the difference between the normal 
appearance of the bird and its appearance under the infiueneo of se.\ual 
emotion); and this will be most rea<Uly done by the development of bright 
colours on these parts, or by the formation of special structures in these 
regions — structures wliich are usually displayed in full only under the 
influence of sexual emotion. Since the form of the wings cannot he much 
altered without interfering with the efficiency of flight, it follows that special 
courtship structures will not often l>e developed in connection with them ; 
and as a matter of fact we find that the chief special courtship structures 
are cre.sts on the crown (as in Peacock, Herons, Goldcrest, Peew it, CVanes, 
&c.) or breast-plumes or other structures on the breast (as in Herons and 
Egrets, Bustard, Umbrella-bird, &c.), or elongations or other specializations 
of the tail (e. g. Pheasants, Hununing-birds, Blackcock, Lyre-birds, &c ) 
or of the tail- region (Peacock^ &c.). 

The erection of feathers on ottier parts than crown or breast is also common, 
and its specialisation gives us structures like the ruff of the Crested Grebe 
and that of the Riifl', the elongated scapulars of Herons, ami those, both 
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elongated and dissected^ of Egrets, together with some of the peonliarly 
situated plumes of Humming-birds and Birds-of-Paradise. 

It appears, then, that “courtship” consisted at first chiefly of non- 
significant movements employed by the male as an outlet for the pent-up 
sexual emotion, these being in part derived from those employed in coition, 
and that special colours and structures displayed only mainly during 
these movements are later specializations. If so, then we should expect 
to find some species of birds in which the movements exist, but not the 
special colours or structures — “ courtship ” actions without epigamic colours 
or structures. This is as a matter of fact the case. The Sylviidm, for 
instance, give ns many examples of species which are not dimorphic in 
colour, or only so to an obviously non-significant extent, but are dimorphic 
in behaviour, usually the males alone performing special post-mating 
ceremonies, apparently stimnlatire in function, in which wings, tail, and 
feathers are moved in the general way that has been described 
(E. Howanl, ’20). Harel}', however, both birds perform ceremonies simul- 
taneously, as is shown in fig. 8 (PI. 15). But the two perform ordinary uni> 
lateral ceremonies, and not in any common rhytiini. There is no sign of n 
unified mutual ceremony. It is an interesting intermediate type of behaviour. 

.Usually, however, the close observation of the courtship of a species 
reveals other behaviour which cannot bo brought under the rubric of 
originally non-significant physical release of emotional tension. I refer to 
actions which are to be thought of as having originally been developed in 
connection with certain other functions, and later having l)eon connected 
with sex in courtship displays. Such actions have already been referred 
to. Sometimes they are to a certain extent associated with 8e.xna] emotion, 
as are all those connected with ne.sting-material ; .sometime.s they appear 
to have no such connection, such ns the preening, head-shaking, dipping 
of the bill, &o., which we have noticed in Divers and Grebes. In Mute 
Swans, I recently observed some interesting courtship-actions, and there 
one of the prominent pieces of behaviour was the dipping of the whole 
head and fore-part of the body below the water ; the action was strongly 
reminiscent of an incipient attempt at reaching down to feed in the 
characteristic swan manner. The birds also repeatedly preened themselves in a 
manner very similar to that seen in the Grebes— i. e. a manner indicative of 
the action .being used in what I may call a ritual way, and without any 
of its usual functional significance. I am confident that when once attention 
has been drawn to this “ ritual use of non-sexnal actions during courtship 
activities, it will lie found to be of very wide occurrence. Prof. H. Balfour 
informs me that it occurs commonly in the Gannet. The of 

nesting-material with courtship is certainiy very widespread, and .here we 
may probably see the worUng of direct association. . The sexual epiotien 
direotiy activates the centres connected with ncst^bnilding and the han^sg' 
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of nest-inaterial, because the two activities have been so often actually 
connected. But we cannot adopt this connparatively simple explanation for 
the incorporation of wholly non-sexual activities, such as preening, in court- 
ship. So Far as my personal experience goes (and so little attention has been 
devoted to the matter that the literature is of scarcely any help), the birds 
which make ipost use of these non-sexual actions in courtship are those 
which make least use of the peculiar expressional movements of wings, tail, 
and feathers generally, which we saw made up the raw material of courtship 
actions in most species. If this should turn out to be gimerally truc^ then 
wo should }jav6 to suppose that the emotional tension, since for some reason 
it does not in these birds express itself in the originally iion-significant 
methods of general wing, tail, and feather movements, must find an outlet 
elsewhere, in the guise of actions which arc already performed by the species 
in other connections. Tn any case, it is clear that these actions are utilized, 
like the general non-significant actions, as physical relief or expression for 
emotional tension ; and that since they are already givcMi in the bird's 
instincts and habits, they form the natural raw material — the natural outlet 
for surplus psycho-neural excitement due to emotion temporarily unable to 
find its normal expression. 

In a sense, therefore, the non-sexual associated actions are mere expressions 
of emotion, comiKirable to the meaningless acts often performed by men 
under the influence of great emotional tension. But once they have come to 
be associated with sexual emotion, they then become the raw material which 
can be worked up into more elaborate courtship ceremonies. Sueli, for 
instance, appears to l)e the origin of the head-shaking ceremonies in the 
(Jrested Grebe. In diving birds generally, there is an almost universal habit 
of shaking the head on emerging after a dive. This is, as we have seen, 
slightly associated with sexual emotion in the Diver, but in the Grebe the 
head-shaking is a very elaborate part of highly-specialized ceremonies, and 
its origin from ordinary non-sexual head-shaking can only be deduced from 
indirect evidence. Unless, however, its origin he of this nature, it remains 
quite obscure. 

The associadoii of diving with courtship in both Grebe and Diver may he 
adduced as further proof of our contention. The special ^‘splash-dives'^ in 
the Diver, and the emergence from the water in a vertical attitude which 
occurs in both species, are both obviously modifications of the ordinary 
diving practised for food, which have now an exclusively emotional 
significance, and a sexual function. Under the influence of unsatisfied 
sexual emotion the bird indulges in various forms of action habitual with 
it ; later, specialization has taken place so that the sexual modes of diving 
liecome quite different in appearance from the original non-sexual mode. 

As a matter of fact, when we survey the varieties of courtship, wo find 
that they are not nnoommonly to be regarded as specializations of uoniml 
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activities of the species. For instance, various hawks (e. g. Kestrel and 
Peregrine) have courtships which are based upon the wonderful powers 
of flight possessed by the group ; while many water-birds, like Grebes and 
Divers, show courtships in which some normal aquatic performance is 
sexually utilized. Thus in considering the genesis of courtship ceremonies^ 
we have to distinguish between the raw materials and the ^ later speciali- 
zation. The raw inaiorials are (1) coition-attitudes; (2) originally 
non-significant general movements, especially of feathers, wings, and tail ; 
(3) actions originally connected with activities in themselves associated 
with sexual emotion, such as nest-building ; (4) actions originally sub- 
servient to some non-sexual function. 

Later, specialization consists (1) in the development of striking colour on 
parts prominently displayed in the raw actions; (2) in the development 
of such parts to form special structures (^. g. tail-coverts of Peacock, 
ruff of Crested Grebe). 

The difficult question remains ns to the reasons for the existence of 
dimorphism of courtship in .sonui species, but of mutual ceremonies — 
associated, be it remembered, in the majority of species, with special colours 
and structures of as definitely sexual (epigainic) significance as in dimorphic 
forms — in others. 

Tn general, it appears that it must have some connection with mode of life, 
although in the absence of detailed information on many birds, and of 
statistical treatment, our conclusion cannot be wholly satisfactory at present. 
In the first place, it is undoubted that polygamous species present the most 
extreme cases of male adornment, combined with protective colouring in the 
females. Secondly, in monogamous species with marked male adornment, 
the females are usually protectively coloured, and usually undertake the 
whole of the duties of incubation — e. g, Anatidm, such of the riieasanis as 
are monogamous, &c. In some forms with dimorphic courtship, such as the 
Syltiidse, the two sexes are often not very distinct, and are both more or less 
protectively coloured ; both sexes may incubate here, although the female 
does so much more than the male. The Sylviidm may be regarded as 
primitive in respect of the evolution of post-mating courtship. The 
Fringillidse are, on the whole, somewhat similar to the Sylviidse, save tliat 
the colour-dimorphism is usually more marked and the male usually 
incubates less, E. Howard (’20) has recently shown that territory plays a great 
part ill the lives of birds, and that, in both Sylviidss and Fringillidse, it is the 
male who, early in the season, before other manifestations of sexnal emotion, 
occupies a definite territory. Singing then begins, and is associated with the 
possession of territory. The process of mating-up consists mainly in the dis- 
putes of females for occupied ierritories with their contained males (PI. 15. 
fig. 7). Since the whole bi;eed]ng4i£e of the birds is connected with the staking- 
out of territory at the earliest possible opportunity by the males, it follows that 
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these must possess diflFerent instincts from the femalos — instincts which 
begin to react to seasonal influences some time before any reaction occurs in 
the other sex. Hero we have a primary basis for the rest of the diiuorphisiu 
observed — a basis given by territory requirements, not by epigamic needs. 

In birds with both sexes similar in appearance and with mutual court- 
ship, two salient facts are to be noted. In the first placo^ the birds are 
usually not protectively coloured, or at least not to such an extent as in 
most dimorphic species. Take for example the Herons and Egrets, the 
Swans, the Gulls, and many of the cliff-dwelling and other sea-birds 
(Guillemots, Razorbills, Petrels, &c.). The Grebes and Divers are inter- 
mediate — the main coloration is protective, but the head, neck, and under- 
surface are conspicuous and used in courtship. In the second place, both 
sexes almost always share in nest-huilding, and often in incubation and 
the care of the young. So far as I know, there are no birds with mutual 
courtship in which the males do not share some of the duties of parent- 
hood, and their share is on the average certainly greater than is that of the 
males of birds with dimorphism in courtship. Also tho nest-site is, usually 
at least, chosen by both birds jointly. 

It appears to he definitely the case that several tendencies are at work to 
produce the variation in modes of courtship that we see. (1) Where, as in 
the Warblers, &c., the whole life-cycle is based on the early staking-ont 
of territory by the males, there must be a dimorphism of instinct in connection 
with this, and this primary dimorphism tends to be continued in other ways, 
e. ff. courtship. (2) Where protective coloration is of great importance to 
a species, it is imperative that one sex at least shall bo thus protected : this 
sex will naturally, sjive in very exceptional cases, tend to be the female. If 
protective coloration is desirable, it will almost always follow tliat general 
ihconspicuousness will he desirable ; this will mean that any violent mani- 
festations of emotion, whether in the form of song or of display, will be 
undesirable. Hence there will be a tendency in such species to depress the 
level of sexual excitability in the females. This in its turn will, however, 
make it necessary for there to exist some mechanism for arousing their 
sexual emotion, and this will naturally bo found in the courtship of the 
male. Thus in general the necessity for inconspicuousness in the female 
will have as natural reaction a tendency for courtship activities to be 
confined to the male, and to be well developed in him. Inconspicuous 
females tend to be associated with dimorphism of courtship, and often of 
colour. The tendencies mentioned in (1) and (2) often interact so that it is 
hard io distinguish which is the primary. Where polygamy prevails, and the 
tnales iake no share in parental duties^ this tendency will naturally produce 
its most marked results. (3) In some groups, such as for instance 
the fietens, n6t 6nly is it necessary for both birds to sluire in feeding 
ihit ycting, bu^^ also to sitare the duties of incubation (since the feeding- 

I.IKN. TOUiOr.-^aQOLOOT, VOL. XXXV. 20 



282 


MR, JULIAN S. HUXLEY ON 


grounds are so distant; furthermore, protective coloration, as in most 
colony-hroediug birds, is unnecessary. Here we find two tendencies acting 
in the direction of similarity in appearance and behaviour. In the first 
place, there is no need for the female to be inconspicuous, whether in 
plumage, voice, or action; thus, ceteris parilmity there will be no tendency to 
restrict any variations in the direction of greater conspicuousness — even if 
they may have been first acquired by the intile sex, which is by no means 
necessaiy — to the males. Secondlj", since the male as well as the female 
must possess the instinct to incubate and to feed the young, it follows that 
tluTe is a tendency to approximate the instincts of the two sexes in these 
]>articulars ; and the sex-similarity thus initiated again tends to be con- 
tinued in other ways, unless there are reasons to the contrary, which, in birds 
to whom inconspicuousness is a matter of indifference, we have just seen do 
not exist. In birds of this type, therefore, there exist again two mutually 
reinforcing tendencies which tend to bring about a similarity of plumage 
and instincts, and so lead to mutual courtship. 

There are, it is true, species like certain Penguins (Levick, U4) in which 
the sexes are alike, but much of the courtship is not mutual ; there are other 
species, like our Red-throated Diver, in which the sexes are similar and 
there exists mutual courtshij), but in which the male helps to a comparatively 
small extent in incubation. In such a complicated subject we should not 
expect to find universal hard-and-fast rules ; each case requires to be 
investigated on its merits, and with a thoroughness which has so far only 
characterised lew workers. But that the tw'o general tendencies which 
T have mentioned, to dimorphism and to mutualism, do exist, and that they 
are definitely correlated with other characteristics of the species’ life-history 
in the general w'ay I have sketched, appears to be incontestable. 

One other point remains to be considered here. Why is it that among 
birds with mutual courtship, some, like Divers and Grebes, perforin cere- 
monies far from the nest, no emotional expression being seen at or close 
to tlie nest during incubation and the care of the yoimg, whereas in others, 
such as Herons, Egrets, Pelicans, &c., the chief ceremonies observed are 
those which take j)Iace at the nest or nest-site, especially at the moment when 
one bird relieves the other from the duty of incubation ? (PI. 14 . figs. 5 & 6). 

The answ'er is not, I think, far to seek. The “ nest-relief birds,” as we 
may call the latter category, are all species in which the nest is not concealed, 
and does not appear to be in need of special protection against enemies. * In 
most cases the birds nest in colonies. The birds with mutual ceremonies 
which are unconnected with nest-relief, on the other hand, have nests which 
are carefully concealed, or at least are far from conspicuous, and rarely breed 
in colonies. 

When a sitting bird is rejoined by its mate, especially if tibe mate’s 
presence implies a speedy relief from the tedious business of incubation, 
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it is natural that emotion should be aroused. If there is no biological reason 
against the expression of the emotion^ it will naturally be expressed then and 
there in some form of ceremony. On the other hand, if there are biological 
reasons for concealing the position of the ne&t from enemies, then it will be 
desirable not to draw attention to the spot by cons[)icu(>iis soiintls and actions, 
and selection will see to it that the emotion is not expressed immediately 
and naturally at the nest, but at a distance from it. The fact that, in the 
Crested Orebe, there exists a special and very elaborate ceremony which 
occurs when the ineinhers of the pair rejoin cacli other tifter having been 
separated for some time, indicates that in this species too the «>amo emotions 
occur ill similar circumstances, but are not allowed expression in the neigh- 
bourhood of the nest. 

Here again, therefore, we find an influence of the general mo<le of life ii[Mm 
the form of the courtship. So that we may really say that, altliougli, given 
in the first place the state of general excitement produced l»y tla* sexual 
hormones, in the second jdace the stimulative effect of sexual display, and 
thirdly the necessity for regnlating coition, there will inevitably come into 
being dispkys, &c., which go by the general name of courtship, yet the /h/vn 
of the courtship, not merely in det iils but in broad lines as well, will depend 
in the main upon other general biological factors aff«^(*ting the species. 

There remains to bo considered the physiological and genetic nn'cliaiiism 
which we 111 list suppose responsible for the [dienomenu ; but before parsing 
to this, 1 should like to summarize briefly the conclusions just reached. In 
few words they are these ; — 

1. Polygamy 6nconrag<>s sexual dimorphism. Tt is only found among 
birds with nidifugous young, since nidicolous young re^jiiire that both parents 
should assist in I ceding. 

2. Need for inconspicuousness encourages dimorphism. 

3. Nidifugous habit in the young facilitates the development oftlimorphism 
otherwise initiated. 

4. Early occupation of territory by one sex encourages dimorphism. 

5. Absence of need for inconspicuousness encourages mutualism. 

iS. Need for incubation by both parents encourages mutualism. 

In addition, there are no doubt many special physiological points wdiich 
encourage one or the other tendency ; but in general the condition observed 
is the result of the interaction of the tendencies we have eniimeruted. 

Recent experimental work is beginni.ng to give us an insight^ albeit but a 
partial one asyetiiuto the physiological and genetieal mechanism underlying 
sex-characters in birds. 

It appears that castration of a male, in highly dimorphic species like fowl 
and wild duck, produces birds which are neutral in instincts but remain male 
in plumage. 

In females, on the other hand, castration produces cock-feathering, but nut 
male itistiucts. 
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Recently inyesiigations have been made dii breeds o£ fowls like the Sebright 
Bantams, in which the cock is hen-featbered. Two interesting points have 
emerged. The first is that the condition is due genetically to a Mendelian 
gene, the second that it is due physiologically to the fact that the male gonad 
in these animals possesses tbo same substance as do the gonads of normal 
females, which inhibits the development of male plumage. This latter point 
is demonstrated by castrating hen-feathered cocks, upon which they become 
cock-feathered — a strange but conclusive result (Morgan, ’19). Morgan 
believes tliat the condition has its histologicsil basis in tbo dovelopment of 
luteal cells in the testes of hen-feathered cocks, similar to those found in the 
ovaries of normal hens, but recently Pease (’19 ; y. v. for references to previous 
work) has thrown doubt on this. 

In any case, the facta are of great interest as showing by how simple a 
means, and in how tew generations, a dimorphism of plumage could be 
converted into a similarity. On the other banti, it also shows that in this 
dimorphic species at least, plumage and instincts (as the castration experi- 
ments also demonstrate) depend upon different mechanisms for their develop- 
ment. The dovelopment of male or female instincts is due to a positive effect 
exerted by some secretion of the male or female gonads respectively, acting 
upon a basis which is neutral in the absence of the specific secretion, whereas 
the male gonad has no positive effect npon plumage development (the 
plumage of capons being, if anything, more male than normal), while the 
female gonad exerts in this respect an entirely inhibitory effect. 

It must he emphasized, however, that we have no experiment^il information 
with regard to species with similar plumage and courtship (in passing, it 
may be remarked that the castration of Grebes or Herons should provide 
interesting results). Further, from the general considerations advanced 
above, it is clear that we should not expect precisely the same mechanism to 
hold good in “mutual” as in dimorphic species. In tbo latter, as we have 
seen, selection must have been at work emphasizing and exaggerating any 
sexual differences of instinct w'hich primitively existed ; whereas in the 
former all the influence w'ould tend in the other direction, of assimilating 
instinct in the two sexes. 

To what pitch this has as a matter of fact been carried is shown by the 
observations of Selous and myself upon the Crested and the LttUe Grebe 
(Dabcliick). The Grebes are birds in which mutual courtship attains tlie 
highest development yet described, and in which sexual adornments similar 
in the two sexes attain a great specialization. In the two species mentioned, 
and probably in others, the instincts of the sexes are so alike that coition 
occurs both in the normal or in the reversed position. In these birds^edtien 
always takes place upon a nest; the '^passive” bird extends itself at fall 
length In a perfectly horizontal position, the “active” bird mounts i^otiber. 
from behind, and, after coition, walks up its body and off by its j^onldbr. 
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The differentiation of action between the sexes is thus very considerable ; yet 
in spite of this, us 1 say^ either sex adopts either position according to 
circumstances. In the Moorhen, Selous ('02) has described reversed pairing 
as a normal sequence of pairing in the usual position. Mr. E. Uoward tells 
me that he has repeatedly had occasion to confirm this himself. In Doves 
and Pigeons it may also occur ( Wbitiiiau & Riddle^ ’19 ; Marshall, ’22, p. 690). 

It should be remonibered that sexual dimorphism to any marked extent is 
a lute developmeiit in most groups. Primary and accessory organs are, 
naturally, different, but general coloration and body-form is usually similar in 
both sexes in primitive animals — Echinoderms, many primitive insects ; 
Crustacea and other Arthropoda, Cyclostomcs and most fish. In any case, 
recent work has made it abundantly clear that the genes for the secondary 
sexual characters of both sexes are normally carried in all members of the 
species, and that either the sex-chromosome mechanism ensures two quite 
different types of cellular metabolism, one permitting the development of 
mule, the other of female characters, as seems to 1>e the case in insects, or 
else that special hormones are developed in the gonads which exert specibc 
growtli-promoting effects upon some sexual characters, inhibiting effects 
u|>on others, as iu vertebrates (summaries in Marshall, '22, eh. 15 ; 
Goldschmidt, ’20 ; Huxley, '22 a). 

If, therefore, tlie divergenct* Mdiich 1 have referred to between the sexually 
diinorpliie and luutualist types of birds originated early, as it seems to have 
done (for the distinction characterizes whole groups of the class), we may 
suppose that the jirimitive bird species on which it acted were }»rohably 
similar in appearance, without w^dl-marked courtship coloui> or ^tructures, 
whether in one or iu both sexes, and with a moderate diinorphi>m of instinct’^. 
Later development has'either accentuated the difference of instincts, us in the 
Sylviidse, or the divergence of instincts and of appearance, us in most 
Gallinaceous birds ; or has allowed bright colours to develop, apparently for 
use in courtship, but has not confined them to one sex, although it has not 
closely approximated the instincts of the tw^o sexes (as in the Penguins, 
Levick, loc\ eiL), or finally has encouraged sexual adornments similar in the 
two sexes, together witii markedly mutual courtship, and has approximated 
instincts to a high degree — as in the Grebes. 

So far as obsorvatioii can be a guide in these matters, it a])pears that 
although sex^dimorphism io plumage may depend upon different genetic and 
physiological factors from that in instincts and from that iu size, yet as a 
mutter of evolutionary fact, the first two, and probably the third also, have 
gone hand in band. 

In other words, the divergence between dimorphic and mntualist species is 
primarily dependent on whether the gonadial hormones remain as similar us 
is CQQipatible with primary sex*^ifferentiutioii, or whether they become con- 
siderably different in the two sexes« If they adopt this latter alternative. 
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then there will result, unless special circumstances arise, a simultaneous 
dimorphism in botli appearance and instincts ; if they remain on the whole 
similar, there will be (again unless there are special reasons against it)) a 
similarity between the sexes, not only as regards appearance, but also as 
regards courtship and parental behaviour. 

If this turns out to bo well founded, and the gonads do normally in birds 
determine appearance, behaviour, and size simultaneously, then it is clear that 
observation will have contributed importiint guiding lines for future genetic 
and evolutionary research. 

In conclusion, T would like to emphasize the fact thaii, even when both sexes 
are similar, there is often no doubt whatever that the coloration and special 
structures used by them both in courtship have been evolved in relation to 
sexual habits, and in essentially the same way as bright colours and special 
structures used in courtship by males alone in dimorphic species. They have 
arisen through the necessity of providing an einotionul stimulus to the other 
member of the pair, if fertilization is to be normally and easily effected, 
particularly in the face of adverse environmental conditions; and from the 
reverse point of view, have become necessary because it is biologically 
desirable to keep the mean sexual excitability of the pair at a level low 
enough to prevent excessive eoitioii. They are, to use the useful term of 
Poulton’s which I have for some time adopted, always epitjamic^ although not 
always secondary sexml charnctors. They have also been usually grafted on 
to primitive ceremonies which are the direct outcome of sexual excitement, 
and indirectly often the result of an engagement period which is caused 
by non-sexual exigencies of the life-cycle. 

Although the direct competition among males, which was one of the main 
points of Darwin's theory of sexual selection, does not appear to occur in the 
evolution of most epigamic characters among birds, yet it is noteworthy that 
in the polygamous species in which it does occur, the type of coloration and 
structure which is evolved is very similar to that evolved in monogamous 
species, except that development has usually gone to further lengths of 
specialization. This similarity between the end-results in what we may call 
accessory as well as in “ sexually-selected epigamic characters, is due to 
the second salient fact first clearly recognized by Darwin — the fact that the 
development of an epigamic character is dependent upon the emotional effect 
which it produces upon the mind of a bird of opposite sex. Epigamic 
characters must be emotionally stimulative if they are to perform their 
function successfully ; and to be emotionally stimulative, it would appear 
that they must be first striking, and secondly not usnally visible, so as to have, 
when they are displayed, an element of novelty and unfamiiiarity which adds 
to their stimulative effect. 8o far as their striking quality is concerned, they 
may be either what seems to us beautiful or else M*hat seems to us bizarre* 
So far as unfamiiiarity goes, it should be remembered that many epigamic 
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characters arc special structures only fully displayed during courtship (e. ff. 
scapulars of Egrets, hiil-coverts of Peacock, ruff of Crested Grebe) ; others 
are special patches of colour only made prominent by special display actions 
white on wings of Blackcock and of Crested Grebe, red of legs of Red- 
shank, rich purplish-brown of neck of Louisiana Heron); while still others, 
although always present, are probably not prominent unless the two birds are 
close to each other, and in certain lelative positions characteristic of courtship. 
This is probably the case with many of the curious patterns characterizing the 
froift rifitv of birds at short range Blue Tit, Turnstone, Redstart, Ringed 
Plover) ; that this is the probable explanation is shown by the fact that when 
8[>ecial structures with undoubted epigamic function are developed on the 
head, these are often displayed so as to appear most striking (or only so) 
when seen in this way, close up and from the front (e. the ruff and ear- 
tufts of the (^rested Grebe, the crest of Louisiana Heron and Little Egret). 

The existence of true sexual selection as found in polygamous species thus 
(encourages the same tendencies in epigamic characters as does the selection 
of those with a purely ‘‘accessory’^ function : hut, owing to the fact that in 
polygamous species the males take no share in incubation or the care of the 
young, dimorphism can proceed to its limit, and owing to the fact that there 
is a real selection as between different mules, and so greater competition in 
regard to secondary sexual characters, and that the successful male transmits 
his <|aalities to u greater number of offspring, the process of evolution of 
epigamic characters is not only more rapid, but also is generally carried to a 
higher pitch than- in monogamous species. In other w^ords, polygamy and its 
attendant true sexual selection simply accentuate the same processes that are 
operative whenever epigamic characters are being evolved, even in the 
absence of sexual selection proper. 

This development of epigamic characters in relation to the mind of the 
opposite sex is a point of very general biological interest, since it is the only 
example, in organisms below man, of a secondary effect of the mind of a 
species upon the evolution of that species. Mental qualities of course 
normally have survival value, but this is quite a different matter ; they thus 
determine the survival or extinction of the species, not its modification in new 
ways. The mind of one species may play a part in moulding the evolutionary 
development of other species, as when acute vision on the part of predaceous 
animals renders concealing coloration advantageous, or the visual and olfactorv 
preferences of flower-visiting insects are reflected in the development of colour 
and scent in the flowers visited. Lloyd Morgan (’21 ) has recently emphasized 
the influence of mind upon eTOlution by introducing the useful term “ l^syohical 
Selection.’' As indicated above, however, further terms are needed to 
distinguish between psychical selection acting upon the evolution of other 
species, as in the case of the menial qualities of bees influencing the evolution 
of flowers, or upon the evolution of the tame species, as in the development 
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of stimnlative display cbaraoters. If the barbarism be perlniittod, the ter'iiris 
heterospecific and antospecific psychical selection might be employed 
to make this distinction. Bot once epigainic characters come to be 
advantageonSj the mind of the species (in the females in sexually dimorphic 
forms, in all individuals in those with mutual courtship) is exerting the 
indirect effect we have been describing upon the future development of 
colour, structure, and behaviour in the race. This is the mo*^ important 
fact which Darwin perceived, and this stands firmer than ever in spite of 
the rejection of the bulk of the other part of his doctrine. 

In conclnding, I should like to thank Professor Lloyd Morgan, Mr. Eliot 
How^ard, and Mr. A. M. Oarr-Saiinders, all of whom have kindly read the 
foregoing article in manuscript, and have helped me with several important 
criticisms and suggestions. 

New College, Oxford, 

March, 1923. 

PosTSCKiPT 1. — Since the above was written, Dr. J. 0. Mottram has lieen 
good enough to write to me on a number of points concerning sexual 
coloration in birds, and to allow me to see the MS. of an unpublished paper 
on the subject. I would like to take the opportunity of dealing with a few 
of the points which ho raises in this and in his book (^14). 

He points out the great importance in many birds of concealing 
coloration — a proposition in which every naturalist who has studied 
birds in the field would agree with him. I have in the body of the 
paper dealt with the ways in which the necessity for concoalmeiit or its 
absence reacts upon the courtship characters and activities of birds. 

With reference to the Kingfisher {Alcedo ispula)^ Dr. Mottram makes out 
a strong case for believing that its brilliant colouring, present of course in 
both sexes, is aposematic, with the function of warning possible enemies of 
the bird’s unpaiatability. He points out that records of the Kingfisher being 
attacked by birds of prey are extremly rare ; and has found that its flesh is 
unpalatable to man and rejected by domestic animals. 

However, if the Kingfisher really, as seems probable, presented an example 
of warning coloration, it would in no way invalidate my general conclusions; 
it would merely corroborate from a new angle what I have been urging in 
this paper — viz., that each species of bird must be worked out on its merits, 
and that coloration and behaviour are always determined not by one single 
cause, but by several, of which the two most important are (a) the bird’s 
relations with its mate, and (b) its relations with its enemies and its prey. 

Dr. Mottram, however, goes forther. He attempts to aocoant for ail 
courtship characters and actions solely in terms of the bird’ll relatieiis 
with enemies and prey. 

(1) By on ingenious train of reasoning he points out that where the h9n 
alone, or chiefly, incubates, she must be regarded as bidogioally the more 
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valuable of the pair, and that in such species thc^ display and song of the cock 
has as its primary function that of drawing the attention of enemies away 
from the hen ; so that, if one of the two is sacrificed, it shall generally be the 
less •* valuable male. 

(2) Where the species is capable of defence, or is unpalatable — i. e. does 
not require })rotective coloration — he postulate-^ that courtship should be not 
•elaborate, or may even be absent. 

(3) Where both sexes are of equal biological value (t. e, where both 
incnbat(»), he postulates that both should indulge equally in display. 

The reasoning is undoubtedly ingenious, but can be shown not to be 
ade(]aate to account for all the facts. 

As regards (1) , it should ho remembered that the song of male “ territory 
birds is most powerful before any females have arrived. It could be 
no possible advantage to the species to have attention attracted to the 
males when there were no females present from whom attention could 
be drawn off. 

It is undoubtedly true that w’here only the female incubates, and where 
protection is desirable, dimorphism of sexual characters and behaviour will be 
encouraged. This I have pointed out in the body of the paj>er. Dr. Mottrain 
simply restates the problem from a different angle, and wdth the epigamic 
side of the matter left out, 

(2) is simjdy iiol true in a number of cases. Herons and Egrets are well 
protected from enemies, but have an elaborate courtship. So do Swans 
(Selous, "13, and my own observations). So do Hawks, though here the 
displays are concernc3d with flight, not with bright coloration (Owen, '16-'22, 
Sparrow-Hawk ; Kestrel, my own obervations) ; and other examples could 
be quoted. 

(3) Where both sexes are of equal value, it w^ould appear on the face 
of it biologically desirable that both should be rendered inconsfAcuous when 
concealment is in any way desirable, if, as Dr. Mottram would have us 
believe, the chief function of display is to attract the attention of enemies. 
However, in the Grebes, all of wdiicb take great ])ains to conceal their nest, 
and are protectively coloured so long as they are in the normal swimming, 
feeding, or resting attitudes, elaborate mutual courtship does occur, and at 
■once makes the pair conspicuous. The same, to a less extent, is seen in Divers. 
The vocal duets of Owls which go on in the breeding-season (Huxley '19) 
are difficult to account for on any theory which relates them only with 
attracting the attention of enemies. 

Finally, Dr. Mottram makes the point that since many birds “ get on '' 
without bright colouring in one or both sexes, and yet reproduce, therefore 
when bright colouring is present it cannot be supposed to have any relation 
to reproduction. This, however, is an old fallacy, repeatedly exposed since the 
nearly days of the evolution controversy. It would be equally justifiable to say 
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that because an earthworm gets on without eyes, and yet reacts to liglit and 
darkness, therefore when eyes are found, they can have no relation to light- 
perception ; or that because lower mammals get on with a small brain, 
therefore the difference in brain-size between them and man can have no 
relation to the functions carried out by the brain of lower mammals ; and 
so on, ad lib. 

It becomes increasingly clear that to interpret the behaviour and 
evolution of a bird, even if apparently in only one regard, it is necessary to 
take into account all the circumstances of its life. As regards coloration 
and courtship behaviour, I hope I have shown that relation to enemies 
and relation to the mate are two factors of greatest importance. I am 
grateful to Dr. Mottram for having brought to my notice a number of points 
concerning the relation of birds to their enemies of which I was not aware ; 
and I believe that his contribution to the theory of the subject is of real 
value. But so long as cases remain — as thej' do in large numbers — wliere 
coloration, structure, or behaviour have an obvious function in regard to the 
opposite sex, and no discoverable function in relation to the enemies or any 
other factor of the bird’s life, I maintain that we must take these into account, 
and that Dr. Mottram is definitely wrong in attempting to base his theory of 
the evolution of courtship solely on one, instead of on Wh of the two main 
factors mentioned above. 

On the other hand, his suggestion that the bright colour and genoml con- 
spicuousness of the male may have in some species the function of drawing 
the attention of enemies from the biologically more valuable female will, 
I believe, prove of importance in certain puzzling cases. I wdll mention but 
two. In the first place we have the w^ell-known fact that many mimetic 
species of butt<jrllies, including some of the most striking examples of mimicry 
(e.g. Papilio dardanifs), are mimetic in the female sex alone, the male being 
conspicuous but non-niiinetic. The males are ^‘valuable” only before copu- 
lation : the females until after ovipositioii, and further, have usually a poorer 
flight. If a certain average toll is taken of the species by enemies, it could 
well be a real advantage to have it fall prepon derat ingly on the male sex. 

The second example concerns birds. Reflection will show that the bright 
colours of male birds fall broadly into two categories — those which, like the 
“tail” of the Peacock or Argus Pheasant, are only consjiicnous in display, 
and those which, like the general coloration of most male ducks, are always 
conspicuous. It will be further found that the former are definitely displaced, 
the latter usually not. i.^., the display of male ducks is largely a bobbing 
of the neck ; the general bright body-colour is not made more conspicuous in 
display. The male duck, furthermore, (i.) takes no share in incubation or 
rearing the young, (ii.) usually stays near tlie hen until the young are hatched, 
(iii.) as soon as he leaves the hen, moults into eclipse (protective) plumage, 
(iv.) The hen is protectively coloured, (v.) The species is highly palatable and 
much attacked by Uaptores. 
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Thns there is a good prima facie case for applying Dr. Mottram^s ideas to 
oases of bright coloration in the males of palatable species in which the 
bright colour is not .specially associated with disj)lay, and especially in forms 
in which the female alone looks after eggs and young. 

It is, however, becoming clear that many side issues of the problem can 
best be attacked by statistical methods ; and this I propose to do as oppor* 
tunity offers. 

Postscript 2. — The last number of ‘ British Birds' (vol. xvi. p. 318) con- 
tains an article by Mr. N. Gilroy on the nesting habits of the Black -throated 
and Ued-throated Divers to which reference should be made. 

The Black-throated Diver is mentioned as dipping its bill in the water 
when nervous because scared off its eggs. This extends my observations of 
the beak-dipping of the Red-throated Diver to another species. 

Of courtship, the following remark is made — The pairs may be observed 
on the tarns for a considerable time before nesting begins, and one is fre- 
<|iiently treated to the extraordinary display which takes place, not only 
daring courtship and jiairing, but even when actual breeding has commenced 
— when lK>th birds propel themselves through the water almost vertically.’' 
This, so far as it goes, confirms my observations. J. S. 11. 

8th May, 1923. 
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EXPLANATION OF THE PLATES. 

1’latb 14. 

Fig. 5. .Louisiana Heron (HydrafMSM iriookr). Twig-bringing ceremony after nest-relief. 
The relieved bird is presenting a twig to the bird on the nest. Note raising of 
crest, aigrettes, and neck-feathers, and spreading of wing^. 

Fig. 6. Nest-relief ceremony of Little White Egret {Egretta candidusima). The bird on the 
right is about to step ofF the nest. Note erection of crests and aigrettes, and 
spreading of wings. 

Flatb 15. 

Pig. 7. Twx> female Whitethroats {SyltdQ cirarrea) fighting for a male and his territory ; 
the male watching. 

Fig. 8. A pair of Willow- Warblers (JPkglta$oopu» trwihilm) j simultaneous performance of 
wing-flapping ceremony. 
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Fii]. 8. A pair of Willow -Warblers {l*injUoi<rnpus tror'iilufi) : 
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[Head 1st February, 1923,] 

!• Introduction. 

The collection of the Polyzoa made hy the ‘ Sibocra ' in Malay waters is 
perhaps the most important one which has been obtained in any part of the 
world since the longer’ Expedition, including as it does representative^ 
of the shallow and deep water Fauna of a district rich in Polyzoa, but at 
present very imjjerfectly known. A study of the re{>re'^entatives of this 
group in tin* area in question is specially^ needed, in order to fill a eou<^picnous 
gup in ouf knowledge. The Polyzoa of parts of Australia have perhaps I>eeu 
more fully studied than iliose of any other part of the world, with the 
exception of the Atlantic and Arctic aieas ; particularly those of Victoria 
and New iSouth Wales, thanks to the labours of Busk, Hincka, MacGillivray, 
Waters, and others. Tho«e of Japan have been described, to home extent, by 
Ortmann, and are receiving attention from Yanagi and Okada. Hincks and 
Miss Ilobertsoii have descrilied some of the Polyzoa of the J^acific coast of 
Anierica, but those of the l^acific in general have been very imperfectly 
although some information on the subject has been given by 
Waters has publi^hed two important papers on the Polvzoa 
ea and East Africa, and Suvigny's admirable figures of Egy'piian 
some of w'hich were obtained in the lied Sea, as well as a recent 
nhj Marcus on South African species, niu<«t be specially noticed, 
ilescrilied Polyzoa from the Indian Ocean, particularly from the 
%w^ui Archipelago ; and Miss Thorncly and Miss Itobortson have also made 
H^t^ibutions to our knowledge of the Polyzoa of this ( )cean, 

investigating the Cheilohtoinata of the jMsilay Archipelago, 1 ha\e 
Unkd it necessary to devote much attention to various questions which do 
a necessary part of the Report \vhich is in preparation. 1 ha^o 
IWlAi obliged in particular to study various genera, in order to attempt to 
decide their chara<*ters and the names which ought to be assigned to Ihenu 

^ e Published by permission of the Trustees of tlie British Museum. 
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In dealinjr with these qnestions I have had the great advantage of being able 
to make use of the important typo-specimma, particularly those of Bask, in 
the British Mnsenm. Some of tlie results thns obtained are given in the 
present paper, which is intended to be preliminary to my fuller Report. 
The genera considered are those of the “ Oellularine '' series, together with 
others which have to be discussed in connection with these. For the purposes 
of this general survey I am obliged to gise diagnoses of several new genera ; 
but T restrict myself to those which are strictly necessary, believing as I do 
that the practice of publishing preliminary diagnoses which cannot be folly 
understood without adequate illustration is one to be avoided as much as 
possible. I devote special attention to species which have been included in 
the genus Menipea ; and 1 venture to think that the grouping hero suggested, 
in this and other genera, will .give greater precision to certain questions of 
Geographical Distribution. I desire to acknowledge specially the valuable 
assistance I have received from my colleagues Mr. C. Davies Sherborn and 
Mr. R. Kirkpatrick. Mr. Sherborn has helped me particularly with regard 
to the dates of publication of various Memoirs, while his invaluable MS. list, 
at present in course of publication (Index Animalinm, IK01->185(0 bv the 
Trustees of the British Museum, has Iieen of special assistance in ascertaining 
that several genera in current use are preoccupied. Mr. Kirkpatrick, who 
is in charge of the Collection of Polyzoa in the British Museum, has given 
me much appreciated help in referring to the spocimeus, and in other ways. 
Special attention may bo directed to .Sect. III. (Internal avicularia) and 
Sect. IV. (Methods of bifurcation). 

The present paper is divided into tlio following t^eedions : — 

I. Introduction. 

IT. Literature and Nomenclature. 

III. Internal avicularia. 

IV. Methods of bifurcation of the colony. 

Y. Characters of certain genera and species of Scrupocellariida*. 


IT. Litrbature ard Norrnclathrs. 

This Section includes a list of Memoirs to which shortened references are 
given throughout the paper ; but full references are given, in their proper 
plaoes, to many other works not included in the list. The Bibliography is 
followed by an alphabetical list of genera, in which I have endeavoured to 
establish the respective genotypes, where this has not already been done. 
In constructing this list I follow the example which ba> been given by Tjong 
(1917, Geol. Mag., Dec. vi, vol. iv. p. 169). I have also indicated, as far us 
possible, the names which appear to me synonymous with genera of earlier 
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introduction. The consideration of a number of genera at the same time has 
had great advantages, by enabling many cases to be discovered in which the 
conclusions drawn from the study of one genus by itself are modified by 
taking others into account. I have found it necessary to propose the following 
new genera and species in the present Section ; — 

Camptoplites^ n. gen. 

Didymozoam^ nom. nov., to replace Didymia^ pre-occupied. 

Kvoplozoum^ n. gen. 

Ifimantozoum^ n. gen. 

Onchoporella huskii^ nom. nov., for Onchoporella homhycina^ Busk. 

Slirpariella^ nom. nov., to replace Stirparia^ pre-occupied. 

The following new names are proposed in Sect. V. : — 

Amastiala kirkpairicki (Levinsen, MSS.), n. sp. 

Meuipea veMifera^ n. sp. 

Notoplites^ 11 . gen., and N, rostratus^ n. sp. 

I accept the main divisions of the Cheilostomata which were suggested by 
Levinsen (1909, pp. 88-90). The Order is divided into two 'Sub-Orders : 
(1) Aiiasca, in which the original frontal membrane persists, wholly or in 
part, in a membranous condition ; (2) Ascophora, in which a compensation- 
sac is present [cf. Harmer, Q. J.M.S. xlvi. p. 2o3). The Anasca are further 
subdivided into three Divisions : (i.) Malacostega, with the frontal membrane 
for the most part in its primitive, membranous condition ; (ii.) ('oilostega, 
with a considerable development of a calcareous layer, the cryptocyst, 
subjacent to the frontal membrane, and frequently ]>ierced by foramina, the 
opesiules, traversed by the tendons of the depressor muscles, which are 
inserted into the frontal membrane ; (iii.) Pseudostega, with peculiar, 
immersed ovicells and certain other characters, consisting mainly of the 
Family Oellariidse. 

The genera included in the following list are mainly the erect branching 
forms of the Anasca. I have included all Levinsen^s Families of recent 
Malacostega, with the exception of the Membraniporidap and Cribriliuidsc ; 
the erect, branching genera of the Coilostega, but not the encrusting forms 
nor those with an Escharine habit; and the genera of recent Pseudostega. 
The Cell ularine assemblage, with which I am principally concerned, consists of 
the branching, erect genera of the Malacostega. The branching Ascophoroiis 
genera, such as the C^atenicellidsc, provided witli a compensation-sac. are 
not included in my list, with one or two exceptions, in the case, of "^inmes 
which have some bearing on the nomenclature of other genera under 
ooQsideration. 
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IVOkbiory, a., 1852 (piobably published later : referred to as A. S. N.J. — Ibid., Suite, 
Anil. Sci. Nat. (3) Zool, xvii. ji. 273. 

D’Orbioxy, a., 1851- 1854 preferred to as B. F.T.C.). — “ Paleontologie Eran^-aise, 
Terrains Crt'taces,” T. v. 

1851. — pp. 1-188. 

1852. — pp. 1S9-472. 

1853. — pp. 473-984. 

1854. — j.p. 985-1 192. 

Pallas, P. S., 1760, — “ Klenchus Zoophytorum.*’ 

Pallas, P. 8., 1787. — Oiurakteristik der Thierpflanzen ” . . . . iibersetzt Ton C. F. 
WilkeiiK und J. P'. W. Herbst, i. Th. 

ScH^BiOQKii, A. P*,, 1SJ9. — “ Beobucht ungen aiif Naturhistorischeii lieisen/’ Berlin. 

Bcowkioobk, a. F., i82(». — '^Handbucb der Naturgeschichte der&kelettioscu uugeglie- 
derten Thiore,’‘ I.^Mpzig. ^ 

Smitx, F. a., 1808, — Kritisk Fdrteckning dfver Skandinavieiis Hafs-Bryozoer/' iii., 
OfT, K. Vet.-Ak, Furh, xxir. 1867, p. 279. 

WoonwAHD, B. B., 1903-1922. — Catalogue of the Books, Manuscripts, Maps and 
Drawings in the British Museum (Natural History), vols. i.-T. and Buppl. 
(This work contains much Taluable Bibliographical information with regard to 
dates of publication.) 


B. NoMEKCLATrUE. 

Aeainarchis, Lamouroux, 1816, p. 132. — Genosyntypes, A, neritrua (L.) and A. den-- 
tata, Lamx., n. sp. Genoloototype, Amniarcliut iuritina {Serhdaria MrW/Ota, L., 
1758, p, 815), a selection which may be considered to have been made by 
Schweigger, 1819, Tab. 8 ; 1820, ji. 429 ; with erroneous citation as 

neretina. It may be noted that D’Orbigny (1852, P. F.T.C. p. 323) gives 
1812 as the date of introduction of Ammi^rehis ; but his synonymy on the 
following page shows that he referred to Lamouroux, 1816. 1 regard 

Acamarchut as a synonym of Buyula^ Okou, 1815, in accordance with the 
practice of most modem authorities* 

Aetm^ Lamouroux, 1812, p. 184.— Genotype (the only species), Aeiea anguhia {Seriu- 
laria anguim^ L., 1758, p. 816). 

JjBteopeiit Boeok, 1862, Forh« Vid.-Sel8k. Christiania, Aar 1861, p. 49 (also given as 
Aeitopeis), — Genotype (the only species), Aeteojpsis elmgaia^ Boeck, n. sp., 
which is regarded by 1868, p. 280, as a synonym of Aeita truncata^ 

Landsborough* Synonym of Aetea^ Lamouroux, 1812. 

— See Acteqpiw, 
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Alyaidium^ Busk, 1852^ p. 18. — Genosyntypes, A, ^rwniieum^ Busk, n. sp., and 
Eucratea tafaniii^ Audouin, 1826, p. 242; 1828, p. 74. Geuolectotype,. 
Alysidium paraMtieum^ see Norman, 3909, J.L. S. xxx. p. 295. 

Amastigia^ Busk, 1852^, p. 40. — Genotype (the only species), Amaitigia nmhi^ Jiusk^ 

II. sp. 

Anderssonia, Kluge, 1914, p. 617. — Genotype (the only species), Anderssonia antarc^ 
iiait Kluge, n. sp. Synonym of Amastigia^ Busk, 1862 ; but pre-occupied by 
Andermma^ Boulanger (Pisces), 1900, A. M. N. H. (7) vi. p. 528, uiid by 
Andersioma^ Strebel (Mollusca), 1908, Wise. Ergebn. Schwed. Sudpolar-Exp. 
vi. 1, p. 12. 

Angutnaria, Lamarck, 1816, p. 142. — Genotype (the only species definitely men- 
tioned), Anguinaria spatulata^ Link., nom. nov. Lamarck gires Sertularia 
anguina^ L. (1758, p. 816) as a synonym, from which it appears that the 
introduction of a new trivial name was unnecessary. Hincks (1880, p. 2) 
states that Anguinaria was mentioned, but not defined, by Lamarck in 1812 ; 
but on consulting this work (Extr. Cours Zool. Mus. Paris, p. 24) it is found 
that Lamarck did no more than mention the generic name in the French 
form ‘‘ Aiiguinaire.’* Synonym of Aetea^ Lamx., 1812. 

Angularia, Busk, 1881, Q. J. M. S. xxi. p. 14. — Mentioned as an abyssal genus with 
a web>like expansion at the angle of most of the bifurcations. No species is 
indicated, and the genus does not seem to have been referred to by Busk in 
any later work. 

Avicella^ Van Beneden, 1848, Bull. Acad. roy. Belg. xv. 1, p. 74. — Geuosyii types, 
5 species, all referable to Bugula, Oken, 181 5. As this is the case, there seems 
to be no object in selecting a genotype, which it would be difficult to do in 
view of uncertainty as to the identification of some of tho species described. 

Avirtdaria (Thompson, MSS.), Gray, 1848, pp. 105, 146. — Genotype (the only 
species), Avicularia jlahdlata (Thompson, 31SS.), Gray, n. sp. Synonym of 
Bngvda^ Oken, 1815; but pre-occupied by Avievlaria^ Lamarck (Arachnida), 
1818, Au. 8. Vert. v. p. 107. 

BacirULium^ lleuss, 1848, Naturwiss. Abfaandl. (Haidinger), ii. p. 55. — GenoBynty])e8, 
B, hagemwi^ Beuss, n. sp., and 3 other fossil species. Genolectotype, selected 
b}^ D’Orbigny, 1852, P. F. T. C. p.,863, and A. S. N. (3) xrii. p. 289, Bactridium 
hagemvd. This species does not seem to belong to the Cellularioe assemblage, 
but tbe other three apecios described by Beuss were regarded by B’Orbigny as 
species of Canda. 

Bemia, Johnston, 1840, A.K.N.H. p.272. — Genotype (the only specaes), Semia 

mirahiLu^ lohnst., n« sp. See also Johnston, 1847, p. 371* 

BiciUariai de Blainville, 1830, p. 428; see also 1834, p. 459.-^0DOiyiitjrpes, 
7 species, including **B^ riUaia, Ellis*’ {Sertularia eiKala, L«, 1768, 815). 

In his revision oi genm, 0iatf (1848, p. 112) indfides B. eSimia tqr itsdf in 
Bicettaria ; and, although ho gives no ^agnosis, bj placing ttOiaia^ 

L., at the head of his i^onymy, he may fairly he considered to have indica t ed 
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BieeUaria ciliata as the genotype. Fre-occupied by Bicellaria^ Macc^uart 
(Diptera), 1823, Ueo. Tra?. Soc. Amat. Bci. Lille, Aun(^«es 1819-1S22, p. 155, 
and replaced by Bteellariella^ Lev., 1909 {q. v.). See also Btufulu, 

Bieellariella^ Levinsen, 1909, p. 431. — I^oposed to replace BieeUaria^ de Blainvillc, 
1830, pre-occupied (see Biullaria)^ with genotype Bicellaridla ciliata (see 

p. 110). 

Bicellannay Levinsen, 1909, p. 99. — Genotype (the only species), Bicellarina alderi 
{BieeUaria alderi^ Busk, 1860, Q. J. M. 8. viii. p. 213;. 

Bifivns, MacGillivray, 1860, Trans. Phil. Inst. Yict. iv. p. 163. — Proposed to replace 
IHmetopia^ Busk, 1852, at Dr. Mueller’s suggestion, on the ground that 
Dimeiopia is used in Botany (UmbellifersD). The alteration is not required by 
the accepted rules. 

Breitia^ Dystcr, 1858, Q. J.M. 8. vi. p. 260. — Genotype (the only species), 
peUuchla^ Dyst., n. sp. 

Biif/uh^ Oken, 1815, p. 89. — Genosyntypes, Cellularia mritoia^ Cell, ciliata. and 
Bufjula avindaria (authorities not cited). Linnseus (1758, p, 809) founded 
Bertiilaria avicidaria primarily on the biserial species figured by Ellis (1755, 
pi. 20. fig. A), and to this B|>ecie8 the Linneaii name ^ now restricted; but he 
also included the pluriserial species of the same author (^ ri/. pi. 38. 
fig. 7), though wrongly citing the Plate as 28. Gray t.1848) made <8. avici/- 
Utria (s. cir.) the genotype of a new genus, Bxnjuhna (p. 114), while (p. 106) 
he described the pluriserial species of KUis, whose Piat-e is wrongly cited as 
58, asylinV«/«rir < JfabclhHa (Thompson, MS8.), A,jlahellata being the genotype. 
He appears to have overlooked the fact that Oken described 0. avxcuUiria as 
having its zoccciu in 3 or 5 series, as he includes Oken’s species in his synonyms 
of Bwjnlina avicularUt^ wdjcreas it should pi operly ha^econie under Alvicularia 
flaheUata. B. neritina, B. aviculax^t, and B. flabrllata are congeneric, wrhat- 
ever the generic name adopted for them. 

In 1819 Hchw’eigger made SerUdaria neritina^ L., the genotype oi AcamarcMs 
{q. V.), to which B. avicidaria^ L.,and Aviadariu /ItdMfta (Thompson, 

Gray, might also be considered to belong. This would necessitate regarding 
5. ciliata^ L., as tlio genotype of Bwfula, a course which would introduce the 
greatest confusion into uoniexiclature. 1 regard this as an instance in which 
it is essential to disregard the strict application of the Buies of Nomenclature 
and to accept Hincks’ selection (1880, p. 75) of Bucfula nerhina as the geno- 
type of Oken’s genus. As this species is also the genotype of Acamarcliis^ it 
becomes necessary to choose between the tw'o genera. 1 give the preference 
to Bttffuta^ partly because it antedates ^’Iramcfrc7as by a year, and partly 
because it has been universally accepted. As a further motive, it may be 
pointed out that A. neritina^ in its tjiiical form, is devoid of avicularia, and 
that certain writers have accepted Aeamarchis as a genus differing from 
Buquia by the absence of these organs. See also BieeUaria. 

Buffutarittf Levinsen, 1909, pp, 90, 108. — Genotype (the only species), Bugtdaria dis- 
mmUiB (Carbatea Busk, 1852% p. 51). 
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Bugulella, Verrill, 1879, Amer. J. Sei. Arts, (3) xvii. p. 472.— Genotype (the only 
species), Bugulelia fragilis^ Terr., n. sp., described as allied to Bvsdlaria and 
perhaps to Br^tian 

BuffiiUna, Gray, 1848, p. 114. — Genotype (the only species), Bugnlina avimlaria 
(JSertularia avicularia^ L., s, sir,). The form indicated by Gray is the biserinl 
species of Ellis (1755, p. 36, pi. 20. figs, a. A), to which the trivial name of 
Linnieus is now restricted. See Bugnla^ of which this genus is a synonym. 

Bttgalopgisy Verrill, 1880, Proc. U.S. l^^at. Mus. ii. (1879), p. 190. — Genotype, selected 
by the author, Btignhpns peachii (Ceflulana peachii^ Busk, 1851, A.M. N.H. 
(2) viL p. 82). Synonym of Tricettaria, Fleming, 1 828. 

Cohered^ Lamouroux, 1816, p. 128. — Genosyntypos, C, pinnata and C, dichotoina, 
Lamx., n. spp., both from “ Australasie.” Genolectotyi>e, C. diehotoma^ see 
Sohweigger, 1819, Tab. 9; 1820, p. 430 ; and Gray, 1848, p. 147. 

Caherielld^ Levinsen, 1909, pp. 134, 135. — Genotype (tho only species), Cttheriella 
berismunitu (Menipea henemnnita. Busk, 1884, p. 19). Synonym of Amagligia, 
Busk, 1852. 

Caheroides, Canu, 1908, Ann. Paleont. iii. p. 87 (83, sep.).— Genotype, BelecU‘d by 
the author, Caheroides cawtliculata, Canu, n. sp. The genus is (iescril>ed as 
resembling Caherea and also members of the Lepralioid scries (Hippoporinac). 

Campioplitex^^ n. gen. — Genoty])e, CamptoplUes bhornis (Jhjigula hicomlit^ Busk, 
1884, p. 40). I propose this genus for Sect, ft of Bugula as given in Busk's 
* Challenger’ Boport, 1884, p. 37, with the following diagnosis: — 

Zoarium stalked, the stalk prolonged basally into an attaching tuft of 
rootlets. Zocecia biserial or pluriserial, narrow i>roxiinally, the opesia 
occupying most of the expanded distal portion. Proximal ends of tho 
zooBcia not forked. Avicularia borne on long, flexible stalks, which u.^iially 
exceed the head of the avicularium in length. Operculum distinguishable, 
ovicells well developed. 

The peculiarities of the avicularium and tho absence of a forked proximal 
end in the zooecia seem to justify generic se])aration for this assemblage of 
forms, W'hich aro characteristic of abyssal dejUbs and of the Antarctic area. 
In addition to the type-speoics and B, reticulata, described by Busk in his 
original account, the following sjiecioB are referable to Camptojdites : — 
Bugula tricomis, Waters, 1904, Bclgica” Biyozoa, p. 23 ; and the following 
species described by Kluge (1914 ): — Buguh hUvmis, vars. (pp, 619-624), 
B. areolaia (p. 627), Bugula sp., var. variospinosa, nov. (p. 628), mtdiu 
spinosa{^, 628), B. retifarmis(p, 629), B, lewaldi (]>. 630), B.gigantea (p. 630), 
jB. am/ugta (p. 631), B, abysgieola (p. 632), and B, lata (p. 634), Kl., n. spp. 

Canda^ Lamouroux, 1816, p. 131. — Genotype (the only species), Canda araehmddUf 
Lamx., n. sp. 

* flexible ; Miln/Sf an aimed man ; in allusion to the long, flexible etalk of Uie 

avicularium. The genus is maseuliae. 
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€arha9€a^ GrajS 1848, pp. 105, 146. — The only species is Carhasea pdpyracea^ but 
the synonymy includes the following species : — (1) Egchara pajtyrea^ Pallas 
(1766, p. 56), from the Mediterranean, still known by Pallas’ irmal name; 
(2) Flugtra carhaMa, Ellis and Solander (17b6, p. 14), from Aberdeen and 
Edinburgh. Hy the rule of absolute tautonj'^ray the genotype is F, carhasea^ and 
this conclusion is confirmed by Gray's mention of specimens from Northumber- 
land and Scarborough examined by him in the British Museum Collection, 
The genotype has been renamed C. sola^tderi by Norman (1903, A.M. N.H. 
(7)xi. p. 582), but there apjtears to be no valid reason for rejecting its original 
name, which should accordingly stand as Carhanea carhasea (Eil. and Sol.). 

Vaidibugula, Verrill, J900, Trans. Conn. Acad. x. p. 593. — Genotype, selected by 
the author, Caulibuyula armata, Vorr., n. sp. Apparently a synonym of 
StirjHiriella (</. e.). 

Cellaria, Ellis and Solander, 1786, p. 18. — Genosyntypes, IS species, referable to 
about 13 modern genera. Thirteen of these sp^ecies are identical witli 
species included bj* Pallas in Celluhtria (^. f.), us is shown by the identical 
oitutions, by both authors, of the work of Ellis (1755). It bus geneially 
been usKiniiiMl tliat CelUtria was a gratuitous alteration of Cellularia ; but 
Ellis and 8olander do not refer to Pallas, and it setAns possible that their 
arrangement was an enliiely independent one, bused on the works of Ellis 
and Linnuajs. 

In 1801 Lamarck (Syst. An, s. Vert. p. 382) defined Cellaria nearly in its 
modern sense, including two species only : — (1) C. saHcornuty with synonyms 
C. farciminoides^ Kll. and 8ol. and Tuhularia Ji^iulosa^ L. : (2) C\ cirrata^ Ell. 
and 8ol,, which later became the genotypic of JJenipea (#/. v,). He pdaced 
t\ italiconna alone in the first taction of the genus, distinguished by having 
Articulations convert es de cellules dans tous les sens.” Under Cellaria 
Lainouroux (1816, p. 125) moreover writes: “ J'ai conserve le nom dc Cellaire 
au groupie dont les Polypiiers avoient pxmr type le Cellariit Scdic^*nia,'* 

1 think this is a case in which the strict Law' of Priority should be set on 
one side, in view of the undoubted iiicoiivenieiice of reverting to the earlier 
name. Norman (1903, A. M. N.H. (7) xi. p. 577) suggested a return to 
Cellularia, pointing out that Cellaria is to he regarded us an absolute synonym 
of that genus. But, on the other hand, Cdlaria had already acquired a 
definite signification, w'hich it has since retained ; and this cannot be said of 
Cellularia^ which has been used in the most various senses, and should, in 
my opinion, be discarded. In this respect 1 am in agreement witli the 
conclusions of D’Orbigny (1851, P. E.T.C. p. 27), 8mitt (1868, p. 383), 
Hincks (1880, p. 104), Waters (1897, J. L. S. xxvi. p. 3), and others. The 
genotype is Eechara L., of which O', fareimiuoidesy included in Ellis 

and Solander’s original account, as well as Cellularia 9 alicornia (pare), Pallas, 
selected by Lamouroux (1816) as the genotype, are synonyms. 

The identification of the species to which the Unnean name fistulosa 
properly belongs requires further consideration, and the conclusion at which 
1 have arrived is not the one ordinarily accepted. Eeehara Jlsiuhea was 
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introduced by linniBTis (17o8, p. 804) in his lOth Edition, with references 
to EUifl (1755, p. 48, no. 1, pi. 23. fig. A), followed by citations of Kauhin, 
Bay, Plukenet, and Barrelierus. In his 12th Edition (1767, p. 1302) 
LinniBus describes the same species as Tulniktria JUtulosu^ with one or two 
additional citations. Pallas (1760, p. 61), in introducing Cdlularm 
salieomia^ gives all the citations of Linnseiis (1758), with others, but ho 
includes two species under one name. Ellis and Solnnder (1780, p. 26) 
describe CtUaria farciminoides^ with citations of Ellis (p. 46, pi. 23) and of 
7\thularia Jktulasa, L., 1767. It is quite clear that the three trivial names, 
of Linnieus, Pallas (in part), and Solander, respectively, refer to one and the 
same species. 

The examination of the original works cited by Linnaeus in 170^5 shows, 
however, that his synonymy is open to a good deal of criticism. The figures 
of Ellis refer unquestionably to a s]>ocics of Cellaria as here understood. 
Bauhin and Cherler (1651, Hist. Plant, iii. p. 811) describe two forms, a 
coarser species, from the Adriatic, and a more slender “ varietas,*’ of which 
the locality is not given. The coarser species, to which Linneeus express!}- 
limits his reference (“ CoralLina fistulosa fragilis crassior shows projections 
on the intemodes which suggest the produced |>cristomes of Inbueellarui^ to 
which genus I have little doubt that it belonged. The slenderer species was 
probably a Oelltrut. Ray (1686, Hist. Plant, i. ]>. 65) quotes Bauhin and 
Cherler verbatim^ without giving additional information. Plukenet (I69(i, 
Almagestum Botanicum, p. 118, pi. 26. fig. 2) also cites Bauhin and 
Cherler. His figure might refer to a Cellai'ia, but his collection is in the 
Sloane Herbariuni at the 'British Museum (Natural Histoiy-), and his 
specimen, preserved in Vol. 95, Fol. 194 of that Collection, is a (•oralliuc 
Alga. Barrelierus (1714, Planta' per Galliam, Hispauiam et Ttaliam observatic, 
p. 121) quotes Bauhin and Cherler and Hay. He describes and figures a 
coarser and a slenderc^r form, but the ooarscr species may be an Alga, 
although the other is probably a CtUaria, In view of these disereimncics 
and uncertainties it is necessar}- to regard the citation of Ellis, the first on 
the list, as the one to which Linnmus’ name really refers ; and this conclusion 
is confirmed by the fact that he consistently made use of Ellis’ admirable 
figures in describing branching Polyzoa. many of his species being introduced 
with a citation of Ellis and of no other author. 

Ellis explicitly states that there are two species of his Bugle Coralline/^ 
and he is equally definite in explaining that his figures a. A, B, and C belong 
to the “ larger Bugle Coralline.’* I), the remaining figure on his PL 28, 
appears to belong to the same species, though this is not stated quite so 
definitely. The mere question of size indicates that Ellis’ figured species is 
the one usually described as Cellaria einuota^ and that Ellis’ smaUer species is 
the C. fistuloea of Hinoha and of other modem authors. 

0. einuoea was introduced, as Farcima einuosa^ by Hassall (1840, A.M.N.H. 
vi. p. 172, pi. 6. figs. 1, 2), who expressly states that it is larger than what 
he calls F. ealkarma (Ellis’ smaller species), and tliat it is diitiugtdslied by 
having its apertures in the upper third of the eell. This dbamete ii dearly 
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shown by ElHs in his figs. B and D. Hassall later (184^, A. M. N. H. xi. 
p. 112) altered the name of his species to jP. spathuhsa. 

In regarding Oellula^^ia Jistvlota as the genotype of the genus 1 om obliged 
to accept the following synonymy : — 

1 . CnLTAKlA PISTULOSA (L.). 

Larger Bugle Coralline, Ellis, 1756, p. 4C, pi, figs, a, A-1). 

E$chara Ji$tidoHa, L. 1758, p. 801. 

Oeliularia sulieornia (pars), Pallas, 1766, p. 01. 

Tubularia figtulosttf L. 1767, p. 1602. 

CeUularh fardminaithn^ Ellis and Solander, 1786, p. 26. 

Tubularia salieomis (Jiftiulom) {Cellaria BaticomeOj Pall.), Esper, between 
1805 and 1810, Pfiauseuth. iii. p. 106, Tubularia ^ jd. 2. figs. 1-4 (figures 
poor, but Ellis cited in sy'iionymy). 

Salicornaria dichoiomcty ScWeigger, 1819, Tab. 8: 1820, p. 428. 

Farcimia siitf/osa, llassull, 1840, A. M. N. H. \i. p. 172, pi. 6. figs. 1, 2. 

Farcimia Bpathulomf Hassall, 184«6, A. M.N. 11. xi. p. 112. 

Cellaria ginuom, lliucks, 1880, p. 109. 

(nec Cellaria JistuloBa, Hincks, J880, p. 106; and of other authors.) 

2. CeLLAKIA SALICOKIVIA (Palltts). 

CelhUaria %aticomia (7>ars)« Pallas, 1760, p. 61. 

? Cellaria Baliconmides, Lamouroux, 1810, p. 127. 

Salicornaria farcimumdu^ JobnsUm, 1847, p. 355. 

Cellaria Jistulonaf Hincks, 1880, p. 10(5 ; el aucti. 

Pallfls divided 0. calicornia into two Sections: — (a) the larger Bugle 
Coralline, as shown by his citation of Ellis, PI. xxiii.; (/9) a more slender 
form, characterized in his synonymy as “suhtihor” and “teiiuior,*' in contrast 
with ‘*crassior” of his first Section, lie gives Eschara jistidosa^ L., as a 
synonym of /9, hut this was not admissible, in view of Linnicus* citations of 
Ellis’ figure of the larger Bugle Coralline and of tlie “Corallina listulosa 
fnigilis crassior’* of Bauhin and Charier, emphasizing the fact that he had 
the coarser form in mind. This conclusion is not modified bv reference to 
Linmeus’ Fauna Bvecica,'* 1761, no. 2232, which Pallas wrongly cites as 
2234. Pallas includes Ellis *‘Angl. Bvglt Comffnw” at the end of his 
Sect. ^ and this may be taken as the determining factor. As his trivial name 
is not applicable to the larger Bugle Coralline, it may be used for the smaller 
form. The adoption of (7. mdicormoidts for this species would be opeu to some 
uncertainty, as though Lamouroux also had a slender species in view, the 
locality, presumably of specimens in his own collection, is given as Mediter- 
ranean. This suggests the possibility that his speoimeo, if it exists, may 
prove to belong to (7. (JXMIia)JohmaHi, Busk ( 1858, Q. J. M. 8. vi. p. 125), the 
typical locality of which is Madeira, and not to O.Jishtlosaj auett. 

Cdlarina^ Von Benedeb, 1849» Boll. Acad, Boy. Belg. xv. 1, p. 70. — Genosyntypes, 
(7. ^adUg and 0, fca5ro, Tan Ben., n. spp., and Crista ddxlii^ Audouin, 1826, 
p. 242. Norman (1903, A.M.K.H. (7) xi. p. 579), who had examined a 
fragment of Van Beneden^s type-speeimen of Ae first specks, described it as- 
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Mmijyea gramlis^ but admitted its identity with CeUviaria iernaia^ forma 
graeilU, Smitt (1868, p, 283). Whether (7. gradlU is to he regarded as a 
species or as a variety, it clearly belongs to Trictllaria^ Flemihg, 1828 ; while 
the other two species are referable to Scrupocelhriay Van JBeneden, 1845« 

Cellarina, D’Orbigny, 1861, P. F. T. C. p* 181; see also 1862, A. 8. N. (3) xvi. 
p. 336, — Genosyntypes, two fossil species. Prc-occupied by Cellarina, Van 
lieneden, 1848. 

•Cdlularia, Pallas, 1766, p. 58. — Genosyntypes, 18 species, referable to about 
12 genera. The name has been used by many modem authorities, but in the 
most various senses, and it has been impossible at present to come to any 
agreement as to the use which should be made of it. The selection of 
0. serupom as the genotype, by Vorrill (1880, Proc. U.8. Nat. Mue. ii. (1870) 
p. 190) is invalidated by the fact that this species was already the genotype 
of Scrupocellaria^ Van Beneden, 1845. 1 consider it desirable to suppress 

CeUularia in favour of Cellaria (g, v,), 

iJtrcaripora^ Fischer, 1866, C. 11. Acad. Sci. Paris, Ixii. p, 987 ; Nouv. Arch, Mus. Hist. 
Nat. ii. p. 312. — Genosyntypes, Angumaria iruneaia^ Landsborough, 1852, 
Hist. Brit. Zooph. p. 288; Aetea Ugulata, Busk* p. 31 ; andyir^t'a argillada^ 
Smitt, 1866, Ofv. K. Vet.-Akad. Fdrh. xxii. (1865) p. 29. The gemis was 
placed in a different Family from that containing AeUa^ which Fischer 
restricted to Sertularia anguinay L. (1768, p. 816) ; but later authors have 
regarded it as a synonym of Aetea, of which this species is the genotype. 

Ohapma, Jullien, 1881, Bull. Hoc. Zool. France, vi. pp. 163, 1 64.-— Although the 
author mentions Membi'anipora (pteganoporeUa) inagniUihns^ Busk (1854, 
Brit. Mus. Cat. ii. p. 62), as belonging to Chaperm^ the genotype selected by 
him on p. 164 is CTiaperia * awtredh, nora. nov,, to replace Jtf. spinoga^ 
a and G„ as quoted by Busk (1879, Phil. Trans, vol. J68, p. 195), in 
describing specimens from Kerguelen. Jullien gives a descriptioTi of 
C. australis, from specimens obtained at the Cape of Good Hoj»e. But Busk's 
citation was a mistake, the species described by Quoy and Gaimard (1 »24, 
Zool. Voy. Uranie et Physicieiiiie, p. 605) from the Falkland Js. having been 
named by them Flustre cpineuse, Flustra acanthina; sec Waters, 1898, 
J.L.S. xxvi. p. 673; see also Marcus, 1922, Gdteborgs K. Vet.- och Vitt.- 
Samh. Haiidl. (4) xxv. p. 6. Julliun’s name australis w'as proposed on the 
ground that spimsa was pre-occupied ; but if C. australis is synonymous with 
Quoy and Gaimard's species, the name of the genotype should bo Ckaperia 
acanikina (Q. and G.). 

<JhartelUi, Gray, 1848, pp. 104, 145.— Genotype (the only species), OharteUa 
papgraeea {Flustra papgracea, Ellis andSolander, 1786, p. 13). 

<Jhaunosia, Busk, 1867, Q. J.M.S. (ir.s.) vii. p. 241.-Genotypc (the only species), 
Chattnosia hirtisiima, Busk, n. sp. Although Busk expressly marks his 
species as “n. sp.,** be adds that it is not unlikely to be identifial with 
Diaehoris hirtisstma, Heller (1867, Verb. Zool.-Bot. Ges. Wien, xvii. Abhandi. 
p. 94). Synonym of Beania, Johnston, 1840. 
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Chlidonia, Lamouroux, 1824, p. 192. — Lamouronx states th&t Savigny’s species (see 
below) appears to be the VortieeUa pohjpina “ des auteurs,” and the author 
be had specially in mind may well have been Esper, who uses this name in 
Th, ii. of the Forsetz. d. Pllanzenth., VortieeUa^ PI. 1. figs. 1, 2. The text of 
this part of the “ Fortsetzongen ” ends with p, 48, and it contains no 
description of the plate in question. It was published in two Lieferungeu, 
9 and 10, in 1798 and 1806, respectively. The plate presumably appeared 
between 1798 and 1810, the date of Esper s death. 

The name ** Chlidonies ” was used by Snvigny (Description de l’£gypte), at 
the foot of his PI. 13, in which figs. 3^-3’ give admirable representations of 
what is almost certainly the same species as VortieeUa polyjAna^ £sp. 
Audouin, in his Explications ” (1826, p. 243) of Savigny’s plates, did not, 
however, accept Savigny's name, as he describes the species figured as 
Eucmtta eordieri • Lamarck (1816, p. 140) introduced a new name. Celinria 
ve*ic\dosa^ with VortieeUa polyphia^ Esp. as a 83 'nonym. but with a query; and 
Hammer (1829, in Esper, Pflanzentb. iii. Lief. 16, p. 255) uses Eucratea 
veaimlom in describing E 8 ]>er *8 plate. Lamarck's trivial name antedates 
Audouin 's, but Ecrioloni (1810, Rar. Ital. Plant., Deeas Tertia, p. 112; see 
also 1819, Amoen. Ital. p. 273) had previously described the same species 
as Cdlaria lufriformii^ in both papers giving a recognizable deserijdion of 
Chhdoniay based on actual specimens. His 1810 synonymy refers to VortieeUa 
jpo/yjimm, L. (1767, p. 1317), an Infusorian. In 1819 he cited Esper’s figures, 
thereby making his descriptions more intelligible; while by rejecting his 
earlier 8 ynon 3 ’roy he furnished a justification for the introduction, otherwise 
invalid, of* a new trivial name in 1810. 

The genotype thus appears to be Chlhhmia pyrifurmls (Bert.), of which the 
other names indicated above are S3-nonyms. Chlidonia, Lamx., 1824, ante- 
dates both CVi/iV7<»i»ii,Hiibner, 1825-1826* (Verz. bekannt. Schnietterl.p. 393) 
and Chlidonia, Her rich -Nchiiffer, 1838 (in Panzer, Deutschl. InsecLen, Heft 
157), two genera of Insects. Chlidonias was introduced by Rafiuesque, 1822 
(Kentucky Gazette, xxxvi. (8) p. 3), and this name is regarded as valid by 
Ornithologists. There seems to be no iuconvenicTtce in retaining ChlUhnia 
for Polyzoa, in spite of its close resemblance to the name of a genus of Birds. 

Cinefosciatt, von Martens, 1879, Zool. Rec. for 1877, xiv. Molluscoida, p. 94. — An 
emendation pn>posed b}' von Martens, in recording the introduction of 
Kinetoakim (q.v,\ Although the name might have been thus spelt it is 
undesirable to alter the accepted original form. 

CoJmtmaria^ Levinsen, 1909, p. 116. — Introduced for Cohnnaaria fiorealia^ n. sp., and 
all the species of Pareiininaria described by Busk (1884, pj). 48-51), excejit 
F, atiantiea. No genotype was selected, but this is of small importance, since 
the name is pre-ocoupied, in Anthozoa, by Columnarin^ Goldfuss, 1826, Petr. 
German, i. pt. 1, p. 72 (for date of publication see Woodward, vol. ii. p. 692). 
1 prefer not to suggest a new name without making a study of the species 
involved. 

* For the date of publication see 1*poc. iv. Int. Congr. Zool. (Cambridge, 1898), 1899, p. 299. 
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Corntwopina^ Levinson, 1909, pp. 98, 109. — Levinson spates that this genns includes 
most of the species of Bieellaria^ auott., but the only species he definitely 
refers to it (pp. 110, 372) are Bieellaria (frandis, Busk (1862\ p. 374 ; 1852“, 
]). 42) and B. infundihulaia^ Busk (1884, p. 38). Of these the latter is 
exceptional in certain oharacters, and I think it more convenient to select 
Oomucopina grandU as the genotype. 

Oorifiioporetln, Hinoks, 1888, A.M.N.H. (0) i. p. 216. — Genot}T>e (the only species), 
Oorgnopardla imuis, Hincks, n. sp., described as allied to Bvgula, 

•CothurnieeUa^ Wyville Thomson, 1858, Nat. Hist. Rev. v., Proc. of Societies, p. 141. — 
Genotype (the only species), Cothwnicella dmlnla^ Wyv. Thoms., n. sp., a 
synonym of Cellaria pyriformis^ Bert., the genoty|)e of Chlidwuaf liUmx., 
1824.’ 

•OroBpidosoumt MacGillivray, 1886, Trans. Proc. R. Soc. Viet. xxii. p. 131. — Geno- 
syntypes, MtfHhranipora mhorata^ Hincks (1881, A. M. N. H. (5) viii. p. 128) ; 
C. ligulatum^ C, spieatum^ MacG., n. spp., and FluHra membraniporides, Busk 
(1884, p. 54). As 1 regard this genus as a synonym of Mtniipea^ Lamx., 1812, 
it seems unnecessary to select a genotype. 

Crepis, Jullien, 1882, Bull, Soc. Zool. France, vii. p, 522. — Genotype (the only species), 
Crepis loitgipes^ J ull., n. sp. 

Orisio, Lamoiiroux, 1812, p. 183. — Genosyntypes, Sertnlm^. ehmiea^ L. (175^, 
p, 810), a Cyclostome, and 5 species of Cheilostomes, including Sertuluna 
L. (1758, p. 815). Under EtMcraim I suggest ignoring SchweiggerV 
selection of C. ciliata as the genotyfie. If this proposal is accepted, it will ho 
possible to consider that Fleming (1828, p. 540) selected Crisia elmrnea ns the 
genotype, by including it, with another species not apjiearing in Lamouroux's 
original account, in Cmia with an amended diagnosis, 

•Crisuhtria, Gray, 1848, pp. Ill, 147.— Genotype (the only species), Ct^'mhina 
faatigiata (Sertulm^ia fastigiata, L. 1758; p. 815 = Cellular la plummi^ Pullns, 
1766, p. 66). SynoD^’m of Bugula, Oken, 1815. 

Bendroheania, Levinsen, 1909, pp. 99, 113. — Genotype (the only species), Dendro^ 
heania mutrayana {FluBtra murrayam (Bean, MSS.), Johnston, 1847, p. *M7. 
Synonym of Bugula^ Oken, 1S15. 

Diachoritj Busk, 1852\ p, 381. — Genotype (the only species), Diachorut erotali, Bu^^k, 
n. sp. See also Busk, 1852’, p. 54. Synon 3 ’m of Beania^ Johnston, 1840. 

Biachoseris, Ortmann, 1889, Arch. f. Naturg. Ivi. i. p. 25. — Tlie name appears to be a 
misquotation of BiachorU^ Boric, 1852. The following species are included 
Butchoria mageUaniea^ Busk (18^’, p. 54), DiaehoaerU dimdamim^ and 
D. heasoeerasy Ortm., n. spp. I^nonym of Bcama, Johnston, 1840. 

Bidymia, Busk, 1862*, p. 883,— Genotype (the only sjiccies), IHdymia mmplex^ 
Bk., 11 . sp. See also Busk, 1852’, p. 35. The genus being pre-^tecupied, in 
Hymenoptera, by BidynAa, Le Felctier and Serville, 1825, Enoycl. Hdthod. x. 
(Entomologie), p. 674, 1 propose to replace it by Didymosmm^ mm, nor., with 
the genotype Bidyfnazaum (Busk). 



CBLLULAnmB AKD OTHEB POLYZOA. 


307 


Duhjmozoum, nam* nov. — See Didymia, 

Dimetopia^ Busk, 1852*, p. 384. — Gcnosyntypes, D, npieata and D, eomuta, Busk, 
n. spp. See also Busk, 1852®, p. 35. In 1909 Prof. A. Billard submitted to 
me a specimen of Dynamena harhata^ Lamx. (1818, p. 178), from Lamouroux’ 
type-collection at Caen ; and 1 convinced myself that J). spicata^ Busk, was a 
synonym of this species (see Billard, C.Il. Acad. Sci. Paris, 1909, cxlviii. 
p. 1064). In the apparent absence of an earlier selection I propose Dime- 
iopia cornuta as the genotype. It appears to me preferable to select a species 
of which good figures were published by Busk, rather than to choose D, harl>ata^ 
the identification of 'which w’ith spicaUi rests merely on my own authority. 

Dmorphozouw^ Leviiiseri, 1909, pp. 90, 107. — Genotype (the only species), 
Dimwphozouni nohile (Flustra nohilis, Hincks, 1891, A. 11. N.H. ( 6 ) vii. 

p. 288). 

Mplodidtfwia^ Ileiiss, 1869, Sitzb. Akad. Wiss. math.-nat. Cl. lix. i. Abth. p. 468. — 
Genotype (the only species), Dlpladidymia CQmplirata, Reuse, n. sp. Synonym 
of Portcellana^ D’Orbigny, 1852. 

J}itto8arut, Busk, 1866, Geol. Mag. iii. p. 301. — Genotype (the only species), 
IHttoBaria iretherelUi^ Busk, ii, sp., a fossil, from the London Clay, perhaps 
allied to SerUdaria loncata^ L., the genotype of Eiicraiea ( 7 , v,). 

Emmn^ Gray, 1843, p. 293. — Genotype (the only species), Emnw crystallina^ Gray, 
n. sp. Gray gave no generic diagnosis, but this was done by Busk, 1852 \ 
p. 372, and 1852 ®, p- 27. 

Epintomia^ Fleming, 1828, p. 541. — GenotvfKJ, selected by the author, Epistomia 
hirmria {StrUdaria bitrsaria^ L., 1758, p. 814). Sc^e Gregorj’, 1893, Trans. 
Zool, Soc. xiii. p. 227. See also Sotamia. 

Enna, Canu, 1908, Ann. Mus. Xac. Buenos Aires (3) x. p. 273. — Genotype, selected 
by (he author, Eidna i*atagonica^ Canu, 11 . sp., placed in Meliceritidas. Pre- 
occupied by AVtim, Swainson, 1833, Zool. Il]ustr.(2) iii. pi. 134 (Lepidoptera). 

Kxi^aita^ Lamonroux, 1812, p. 183. — Genosyntypes, Cellaria corrruto (Sertulana 
comuiaj L., 1758, p. 810) and C, loneaia (Sertularia loricata, L., 1758, p. 815>. 
Tn the same Memoir Lamouroux introduced the genus Crista ( 7 . r.). Each of 
these genera included one species, S. cornuta and S. ehurnea resiiectively, 
belonging to Crista as universally understood at the present time. It is 
unfortunate that Schweigger (1819, Tab. S; 1820, p. 429) indicated 
S. cornuta as the genotype of Eueratea^ and S, ciliata as the genotype of 
CrUia ; both of liSmouroux' genera being regarded by him as subgenera of 
CdluJaria. By adopting these selections Bieellaria^ auott., would become a 
s}mouym of Crisia^ and CWeta, auett., of Eueratsa. These alterations would 
be so inooDvenient and oonfusing that I feel justified in suggesting that 
Sehweigger’s selections should be ignored. If Crida is to be maintained, its 
genotype must be Crista ^umsa (Linn.), and S, cornuta will fall within the 
same genus ; EueraUa hrieaus (Linn.) thus remaining as the genotyj^io of 
Eucratea* S. ehdaia^ L. (1758, p. 816), which has usually been regarded as 
the genotype of Eucratsa, has no claim to this position, as it was not included 
in Hueratea hy Lamonxoujt until 1816 (p. 149). 
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Euoratia, Fleming, 1828, p. 641.— Used by mistake for Eueratea {q. v,). 

Eiioplozoum*^ n. gen.— Genotype, Eaoplozoum cirratum {Oellularia om^ata^ Busk^ 
1884, p. 17). 

Zoariam erect, attached by a basal tuft of rootlets. Branches biserial, the 
zooBcia large and obliquely alternating, all facing in the same direction, their 
proximal portions narrow, their distal portions expanded, the frontal membrane 
occupying the entire surface of the expanded portion. Basal walls of zooccia 
strongly convex. Branches traversed by oblique joints, each zooscium being 
crossed by one joint near its proximal end and by another at the commence- 
ment of its expanded portion. Avicularia of two kinds, the smaller at tho 
distal outer border of the zooecium, and a very large kind (present on only a 
few of the zooecia) arising from the inner border. Strong flexor zooBcii 
muscles present, by which the branches are inflected. Ovicells very large. 
Bifurcation of type 6 (PL 16. flg. 6). 

It can hardly be doubted that this very remarkable species, which was 
placed by Busk in a heterogeneous assemblage referred to Cellularia^ deserves 
recognition as the type of a new genus. It was described recently, by the 
late Miss Alice Bobertson (1921, Rec. Ind. Mns. xxii. p. ri9), as Kineioskias 
ai'ahianensiSf Roberts., n. sp. 

Euthyris^ Hincks, 1882, A. M. N. H. (5) x. p. 164. — Genosyntypes, E iAUefa^ lliiicks, 
n. sp., Flustra homhyeina^ Ellis and Solander (1786, p. 14) and Cnr}jasra 
tpiscojpalU^ Busk (1852 p. 52). C7« episcopali$ is the genotype of Euihyroiden^ 
Harmer, 1902. F. hambycina Ell. and Sol. (nec Busk ; see OnchoporeVa)^ 
which appears to be at present unrecognizable, is the genotype of 
D’Orbigny, 1852. Evthyris chtecta is thus left as the genotype of Eutht/ns, 
but if F. homhyeina could be •recognized it would probably become necessary to 
regard Euihyrit as a synonym of JSemifitiatra (q, v.). 

Euthyroides^ Harmer, 1902, Q. J. M. S, xlvi. p. 280. — Genotype, selected by the 
author, Euthyroidea epucqpalis {Carhaaea epiacopedia^ Busk, 1852*, p. 52). 

Falmria^ Oken, 1815, p. 91. — Genosyntypes, Cellularia fahaia (Pallas, 1766, p. 76), 
a, cormUa {SeHularia eomuta^ L., 1758, p, 810), C. efmrma {S, ehurnea^ L., 
1758, p. 810) and C. anyuina (S. anyuina, L., 1758, p. 816); tho first two 
referable to Criaia, and the third to Aetea^ two genera introduced by 
Lamouroux in 1812. Gray (1848, p. 136) selected Falmrin corunta as the 
genotype. Synonym of Criaia, Lamx., 1812, and pro-occupied in Lepidoptera 
by FaUaria, Haworth, 1809, liCpid. Britaun. p. 152; for date of publication 
of which see Woodward, voL ii. p. 804. 

Farclmia, Fleming, 1828, p. 634. — Genotype (the only species), Farcimia Jiatulaaa 
{Eaduira Jiatuloaa, L., 1768, p. 804). There is no justification for including 
Nellia ocuhia. Busk (see Ncllia) in this genus, as has been done by Waters 
(1887, A. M. N. H. (6) xx. p. 92) and others. Synonym of Oellaria^ Ell. and 
Sol. 1786. 


* fvoirXo9, well armed. 
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Farciminaria^ Busk /1 852 p. 32. — Genotype (the only species), Farciminaria aeuleata, 
Busk, n. sp. 

FUicella^ Searles Wood, 1844, A. M. N. H. xiii. p. 15. — Genotypo (the only species), 
Filicella anguinea^ S. Wood, n. ap., a Crag apecies, ]>ossibly the adnate part of 
a species of Aeieu, 

FtMtailana^ 0. F. Muller, 1 776, Zool. Dan. Prodr. p. 282. — In liis Coi'vigenda (p. 282), 
Muller states that Fistiilaria, introduced in the same work, is to he changed to 
Fi&tulana^ a course which was probably adopted because Fisiularia was pre- 
occupied, in Pisces, by a Liimean genus (1758, p. 312) of the same name. 
JFatuhiriii was introduced by Muller, without figures, on p. 254, with the 
genosyntypes ramosa (TuhukiHa ramoga, L., 1758, p. 804; 1767, p. 1302), 
F. muscoides (T. miiscoides^ L., 1767, p. 1302), F, simph'jr^ F. Jongicoruis and 
F. multieamis, Miill., n. spp. In 1780, Fabricius (Fauna Grocnl. p. 441) uses 
Ftgtulana for F, ramosa and F, muscoides, quoting the diagnoses of Muller 
verfmtim, in words identical with those of Linnaeus, 1767. In 1789, 
Abildgaard (in Miiller, Zool. Dan. iii. p. 15) describes and figures F, multi- 
comis, quoting Muller's diagnosis, with additions. 

or Muller’s species, the first two are llydroids, while the diagnosis of 
F. hugicomis suggests a Polychiete (Spionid). F. simplex may t»e a OUmostome 
I’olyzoon, while it seems probable, fn>m Abildgaard's description and figures 
(pi. 90. figs. 1 3) that F. muUiconns was also one of the Polyzoa. Smitt 
(1868, pp. 279, 280) suggests that it might be identical with Aelea truncata, 
Landsborough (see Cercaripora), but he points out, as an objection to this 
conclusion, that Muller had described the tentacles as 30 in number. This is 
not quite correct, as Miiller described them as being ultra viginti,” and it 
was .Abildgaard who stated that they were ** ad trigiiita.” In an earlier paper 
Smitt (I8(i5, (ifv. K. Vet.-Akad. FOrh. xxii, (1865), p. 13, pi. 3. fig. 4) had 
shown that Aetea irunmtu hus 12 tentacles, and on this ground 1 think that 
F. multicornis cannot have been that species. Abildgaard's figures seem more 
likely to liave been taken from a s}>ecies of Folella^ Gosse {Cylmdrcseium, 
auett. ; see Harmer, 1915, Siboga llep. Polyzoa, i. p. 52). FistuUxm should 
be disregarded for Polyzoa. The same name was introduced in other groups 
by Bruguiere (1789) and Lamarck (1799); see Sherborn, Index Animalium, i. 
1902. 

Fistularia, O. F. Muller, 1776, p. 254.~See Ftsiulana. 

Flabdlaria, Gray, 1848, pp. 106, 146. — Genosyntypes, Serttdaria spiralis, Olivi, 
1792 (Zool. Adriat. p. 291, pi. 6. figs. 2, a, a ) and Flustra setacca, Fleming, 
1828 (p. 536), referable to Caherea, Bugula murragaua was given as a 
synonym of Olivi’s species ; but the occurrence of this northern form in the 
Adriatic seems to be very unlikely, and Olivi's species ought probably to be 
placed elsewhere in Bugula. Gray’s genus thus appears to be unnecessani^ 
It may be remarked that Fhbdlaiia, Lamarck, 1816, p. 342, is used for 
certain calcareous Alg». 

LINN. JOtJRH. — ZOOLOGY* VOL. XXXV. 23 
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FbAMaris, Waters, 1898, J. L,B. xxvi. p. 672.— Based on several recent species, bat 
with DO clear indication which of them are to be included. Matipea fiabdlum 
(on which the generic name is obviously founded) is specially mentioned ; and 
a description is given of Memhranipora rohorata^ Hincks (1881, A.M, N. H. 
(5) viii. p. 128), which is referred to the genus. One of these two species 
might be selected as the genotype, but it seems unnecessary to do so, since the 
species mentioned on pp. 672, 673 of Waters’ paper, in addition to those 
referred to by him, as given in one of his earlier papers (1897, J. L. S. zxvi* 
p. 2), can all be placed in other genera which antedate FlahellarU^ 

FlabeUina^ Levinsen, 1902, Vid. Medd. naturh. Foren. Copenhagen, p. 21.*— An 
emendation of Flabellaris, Waters, perhaps suggested because of the 
resemblance of this name to Flahellaria, Gray, 1848. The only species 
mentioned is Flahdlina roborata (Hincks), 1881 (see FlubellarU); but the name 
is pre-ocoupied by Flahellina^ Voigt, 1834, Das Thierreich, iii. p. 124, used for 
a Nudibranohiate Mollusc. 

Flustra, Linnaeus, 1761, Fauna Svecica, p. 539. — The history of this name has been 
given by iRng (1917, Geol. Mag., Bee. vi, vol. iv. p. 170), who shows that 
Linnseus deliberately altered his own genus Eschara (1758, p. 804) to Fiuatra, 
and thBiFlu9trafoliacm^L\nn.(Esc7Mrafoliacea^ 1758, p. 804) is the genotype 
of both genera. Although this course is not admisKible under the Buies, I 
fully agree with Dr. Lang that it is in the highest degree desirable to suppress 
Eschara and to use Flustra in its accepted sense. It may be noted that 
Lamarck (1801, Syst. An.s. Vert. p. 383) accepted Flustra^ with the genotype 
Flustra foliacea^ L. 

GmsUarkty Van Beneden, 1845, Nouv. Mem. Acad. Boy. Brux. xviii.p.9. — Based on 
8avigny*s name Gemellaires,” appearing at the foot of pi. ziii (referring to 
figs. 4^-4*) of the “Description de rBgypte.” Savigriy’s species was 
described by Audouin (1826, p.243) as Loriearia atgypUaca^ without reference 
to the fact that Lmearia was used for a Fish by Linnseus (1758, p. 307), as 
pointed out by Fleming (1828, p. 541). Lamouroux (1827, p. 434) mentions 
Osnullaria, without any associated trivial name, but only to state that it is 
referable to Laricaria^ Gr^ory (1893, Trans. Zool. Soo. xiii. p. 227) discusses 
the generic name, bnt de Blainville (1830, p. 425; see also 1834, p. 461), 
whom he quotes as the first author to mention the genus in a correct form, 
merely places OemeUaria hriculata in bis synonymy of GemkelUma lonmlata^ 
ascribing the combination wrongly to Savigny. The first use of the generic 
name which is completely in order appears to be that of Van Beneden, 
1845, who desoribes Osmsllaria hriculata {CeUvlaria l&riculata^ Pallas, 1766, 
p, 64 xs Ssrtularin lormta, L., 1758, p. 815); and in this sense the genus has 
been used by the minority of recent writers. Gemdlaria thus becomes a 
synonym of Eucratea (q. e,). It is in any case desirable that it should drop 
out of use, since it is based on Savigny’s “ G4mellairos,** and the species 
figured by this author is not congeneric with S, hricata^ L. (Bee 

Oemicdlaria, de Blainville, 1830, p, 426 ; see also 1834, p. 460.— Qenosyatypos, 
OmiceUaria hriculata (see Ocmsllaria)^ among &e synonyms of which 
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appears Oemdlaria lanculata^ SaTigny/* a combination which was used 
neither by Savigny nor by Audouiu ; and Q, bursaria {Sertularta bursaria^ L., 
1758, p. 814). These two species are respectively the genotypes of 
EktercUea, Lamx. 1812, and Epigtomia^ Fleming, 1828. which 

was an alteration of the genus proposed by Savigny, ‘‘sous le nom de 
GemeVaria** (really “ Gdmellaires ”), thus becomes synonymous with two 
genera of earlier introduction. 

Ilalophilaj Gray, 184.3, p. 292. — Genotype (the only species), Ilahphila joJinstoTice, 
Gray, n. sp. (thus written, although frecjuently modified later, even by Gray 
himself, to johngtonim). If this species is referred to Bvgala^ as I think is 
proper, Nahphtla becomes a synonym of that genus. 

Ifeteroeella^ Canu, 1907, Ann. Paleont. it. p. 70 (sep. p. 14). — Genotype, selected by 
the author, Ileterocdla fragHut {Vineuluria fragiligy Defranee, 1829, Diet. 8ci. 
Nat. Iviii. p. 214). See also de Blainville, 1834, p. 454. 

HcieroJlvLgtmy licvinsen, 1909, pp. 124, 125. — A very unsatisfactory genus, proposed 
for those species of Flugtm. auett., which have not been placed in other genera, 
and “ must provisionally be characterized mainly in a negative way.” This 
appears to mean that all species not belonging to FlxtsU^ («. gtr.\ Sargiflmtra. 
Kfwstla^ lletifltLgtrn^ and Bpiralaria (genera recognisfed by Lerinsen, p. 88), 
together with other genera such as Carhatgeay Chartelluy etc, (not considered 
by him), are to be placed in this provisional genus, which has no validity 
until it is more definitely characterized. 

JlianUpara, MacGillivray, 1887, Tr. Proc. 11. Soc. Viet, xxiii. p. 20S. — Genotype 
(the only species), Hiantopora fei*ox {Lepralia ferojc^ MacGiUivray. 1869, 
IbiiL ix.V 132). 

/fimantozonm ♦, n, gen. — Genotype, Himantozonni mirahile (Bxiyula mirabilis, Busk, 
1881, Q. J. M. 8. xxi. p, 12 ; 1884, p. 39). 

1 propose this genus for Sect, a of Buguh, as given by Busk, 1884, p. 37, 
with the following diagnosis ; — 

Zoorium stalked, the stalk composed of rootlets and prolonged into an 
attaching tuft of rootlets. Zooecia biserial to multiserial, the biserial branches 
comjiosed of asymmetrical zoceoia, between which are intercalated, in the 
pluriserial braiiehes, one or more rows of median zocecia, which are sym- 
metrical and some of which produce eggs. The ovicells are vestigial, and the 
egg, which is of large size, develops in the body-cavity of the fertile zooocium. 
Opeaia occupying all or most of the front, an operculum being distinguishable. 
Zooecia overlapping their predecessors on the basal surface, their proximal 
ends strongly forked. Avieularia nnstalked, attached to tlie proximal ends of 
the zooecia, those of the lateral and median rows more or less unlike. 

The difTereniiation of median, symmetrical, fertile zooecia, as well as the 
oharaeters of the avieularia, are striking features of this genus. In addition 
to the genotype, the following spaoies may be included : — Bugula leontodoiiy 
Busk (1884^ p, 39), if. sinitota, Buds (1884, p. 39), B. fmargaritiferay Busk 

• fftaf, a strap, in allusion to the strap-ehaped branches. 

23 * 
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(1884, p. 41) and B. nnuosa^ Busk, var. variabilis, Kluge (1914, p. 632). 
Most of the species are from abyssal depths, the shallowest record being that 
of Busk, 80-150 fathoms, for B. sinuosa. 

The statements in the diagnosis referring to the eggs are based on the 
examination of Siboga material. B. versicolor, a' member of Busk's Scot, a 
(1884, pp. 37 , 38), differs from the other three species in certain points which 
appear to be important, and I do not feel justified in placing it in Himantozoum, 
although I am unable to make any other suggestion. The most important of 
its characters are the large cndozocecial ovicells, the tmforked proximal 
ends of the zocecia, which barely overlap their predecessors, and the absence 
of avicularia. 

HopliMa, Levinsen, 1909, pp. 135, 136. — (lenotype (the only species), HopliuUa 
armaia (Carhasea armala. Busk, 1852***, p. 50). 

Huxhya, Dyster, 1858, Q. J. M. S. vi. p. 260.— Genotype (the only species), HuxUya 
fmgilis, Dyst., n. sp. 

Jubella, JuUien, 1882, Bull. Soc. Zool. Franco, vii. p. 519. — Genotype (the only 
species), Jubella enucleata, Jull., n. sp., described as being near Cafperea, but 
differing from it by the absence of vibracula. 

KeneOa, Levinsen, 1909, p. 124. — Genotype (the only species), Kenella biseriata 
(Flustra biseriata. Busk, 1884, p. 54). 

Kinetoskias, Danielssen, 1868, Forh. Vid.-Selsk. Christiania, Aar 1867, p. 23. — 
Genosyntypes, JT. arhnrescens and K. smithi, Ban., n. spp. In their detailed 
account, Koreii and Banielsscn (1877, Faun. Litt. Norv. Pt. 3, pp. 104, 109) 
describe the same two species, the latter as K, smittii, but without comment 
on the altered spelling. There can be no doubt that this si>ocies was named 
after Prof. Smitt, and the form sniiihi should be considered a printer’s error. 
JT. aiJporescens is not a completely tyjucal member of the genus, as the stalk is 
very short and the avicularia are more BugulaASko than usual. I propose 
accordingly to regard Kinetoskias smittii as the genotype. 

Loriearia^ Lamouroux, 1821, p. 7. — Genosyntypes, L, evropfsa and L, amerieana, 
Lamx., n, spp., both synonymous with Eucratea loricata^ L, ( 9 . v,\ Pre- 
occupied by I^oricaria, L, (Pisces), as pointed out by Fleming, 1828, p. 541, 
See Oemellaria and Eucratea. 

Loricula, Templeton, 1836, Loudon's Mag. Nat. Hist. ix. p. 409. -This genus is 
usually attributed to Cuvier, who used it (1830, lieguc An. Nouv. fid. iii. 
p. 303) merely as “ Les Loricules," proposing it for Sertularia lorieaia, L. 
(1758, p. 815), on the ground that ** Loricaires " Lamx. (sec Lorirttrm) was 
pre-occupied for Fishes. The genus was used in a correct form by Templeton, 
for Loricula loricata-, and, later, by Voigt, 1843, Das Thierreich, vi. p. 248, in 
the same combination. It is synonymous with EucraUa, Lamx. 1812, with 
the same genotype, but it is pre-occupied by Loricula, Curtis, 18^13, Ent. Mag. 
i. p. 197, for Hemiptera. 

Maplestonia, MacGillivray, 1885, Tr. Proc. It. fioc. Viet. xxi. p. 92.— Genotype (the^ 
only species), Maplestonia cirrata, MacG., n, sp. 
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Meliceriia, — The introduction of this genus by Milne Edwards (1836, A. S. N. ZooL 
(2) vi. p. 347), with only one species giTcn merely as “ M^licerite de 
Charlesworth,” was not strictly in order. Kearles Wood (1844 ; see Ulidium) 
quotes this as Melicerita chaHe^worihii^ which was thus regularized, and became 
the genotype. His simultaneous introduction of Ulidium^ with the same 
gcnoty])e, was unnecessary. In the A. 8 . X. (3) xvii., dated 1852, but probably 
published later, D’Orbigny refers to the species as 3/. charleavorthii, 

Mdicertim, Khrenberg, 1830, Phys, Abh, Akad. Wiss. Berlin, J. 1838, Tab. ii. — 
Proposed to replace Melicerita^ which ist nichi sprachgemass.” This 
emendation need not be accepted. 

MembranicelUma^ Levinsen, 1902, Vid. Medd. naturh. Foren. Copenhagen, 1902, 
p. 22 n. — Introduced for Melicerita duhia^ Busk (1884, p. 97) and a number 
of Cretaceous species, which are indicated. Genotype, now selected, Metubrani- 
cellaria duhia (Melicerita dtdna, Busk). Levinsen subsequently (1909,p. 207) 
described 3f. duhia, from part of Busks original material, but he gives 
j&f. dubia, Busk, as a doubtful 83 'nouym. His reason for inserting a query is 
not apparent, but if it should prove that two sfmeies were included in Busk’s 
material the form described by Busk would be the genotyi)e, as no other was 
indicated in I^vinsen's original account. 

Menipea, Laroouroux. 1812, p. 183. — Genosyntypes, Cellaria cirrata, Ellis and 
Solander (178<», p. 29), quoted by Lamouroux as cirrhnta, and C. Jlabellumy 
Ell. and Sol. (1786, p. 28). Genolectotype, Meuipea cirrala ; see Sohweigger, 
1819, Tub. 8 ; 1820, p, 428. The reasons given by Marcus (1922, 
p. 11 ) for regarding M. cirrata as a synonym of Celhdaria Pallas 

(1766, p. 71) seem to me sufficient. Pallas gave the locality at ^‘Oceanus 
Orientalis,” but on p. 72 he states that it. was found with a Fucus qualihed 
by the adjective ** capensis,'’ which presumuhly meant the CajK) of Good Hope, 
as explicitly stated iu the German Edition (1787, i. p. 107) of Pallas’ work. 
Seba’s figure (Thesaurus, iii, PI. 101, No. 8 ) is hardly demoustrative, os it is 
stated to be by Marcus, but it may have referred to the species which was 
later described by Pallas, who gives this reference. The correct name of the 
genotype appears to be Menij^a crispa (Pall.). Waters’ selection (1897, 
J. L. 8 . xxvi. p. 2) of If. buskii, Wyv. Thoms, (see under Emma, iu Sect, V.) 
is obviously invalidated by the fact that this species was not included by 
Lamouroux. 

Pieper, 1881. ^Soe Synnotum, 

Monsella^ Ganu, 1900, Bull. Soc. Geol. France ( 3 ) xxviii. p. 437. — Genotype, selected 
by the author, Moittulla taeena (Planieelluria eoeena, Meuuier and Pergens, 
1886, Lee Bryozoaires du Systeme Montion (Eocene Inferieur),” Louvain, 
privately prinM, p. 7)« Cana gives figures of this species, copied from 
Meunier and Pergens. 

JVarma, Wyville Thomson, 1873, Nature, vii. p. 388; see also Humbert, 1874, 
J. de Zool. iii. p. 184 and Wyville Thomson, 1877, ‘*Tho Voyage of the 
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Challenger,” ^*The Atlantic/’ i. pp. 144, 142, 193, fig. on p. 143. — Oenotype 
(the only speeiea), Nwrma eyalhvM^ Wyv. Thoms., n. sp. Synonym of 
Kinetoikias^ Damelesen, 18G8. 

jye7Zta,Bu8k, 1852^, p. 18. — Genosyntypes, oendaia^ Busk, nom, iioy,{Sciieornaria 

diehoUma^ Bask, ]852\ p. 367, nte S. dichoUma^ Sehweigger, 1819, Tab. 8 ; 
1820, p. 428) and N. simpUo!^ Busk, nom. nov. 1852% p. 19 (S. marginata^ 
Busk, 1852% p. 367). Genoleototype, NelUa oeulaia ; see Ganu, 1900, Bull. 
Soc. Geol. France (3) xxTiil p. 382. It seems moderately certain that 
iTl oculata is a synonym of Cellaria tenella^ Lamarck, 1816, p. 135; and the 
correct name of the genotype would thus be Nellia tenella (Lamk.). 

JKbtomta, Fleming, 1828, p. 541. — Proposed, to replace Lonearia (g. v.), pre-ocoupied^ 
for Celluktria lariculata^ Pallas (1766, p. 64) {Striularia ZoHeato, L., 1758, 
p. 815) and hursaria^ L. (1758, p. 814), but immediately qualified by the 
statement that i7. bursaria is the type of a new genus, JEpi»t<mia (q, v,). The 
genotype is thus Noiamia loricata^ and the genus becomes a synonym of 
Euerat^^ Lamx. 1812 ($. t/.). The loss of Notamia^ in Polyxoa, would in any 
case have been inevitable, as the name was prc-occupied by Notamia, Bafinesque 
(1819, J. de Physique, etc., Ixxziz. p. 153), introduced for a species described 
as a Polype ” and also as belonging to the Fam. Sipnnoulidm, but with a 
terminal anus. See also OemeUaria, 

NMoplUeBi n. gen. — See p. 348. 

Onehcpot^ella^ Busk, 1884, p. 103. — Genotype, Carha$m homhjcina^ Busk, 1832% 
p. 52. Busk’s species was not identical with Flusira homhjcina^ £11. and SoL 
(see Buihyi^), and it thus appears necessary to pro})ose a new name for 
C, hambyeina^ Busk. I suggest, therefore, that the genotype should be known 
as On^opordla htuikii, n. sp. 1 consider that Busk indicated his own 
C, hombycina as the genotype, by placing it alone under the generic heading, 
although he stated in a footnote (p. 104) that Seruparia diapliana^ Bosk, is a 
second species of Onchopordla, He here made a curious mistake, as it appears, 
on consulting the reference ho gives (1860, Q. J. M. S. viii. p. 281, pi. 31. 
fig. 1), that he was deceived by the fact that fig. 1 does not occur as the first 
species on the Plate. It is dear, from the description and figures, that Busk 
meant to refer to fig. 2, which comes first ou the Plate, and that the second 
species he intended to place in Ondiopwrella was Carhasea ligulataf described 
by him on p. 282 of his 1860 paper. 

OrmeAojpora, D’Orhigny, 1852, A. S. N. (3) xvi. p. 312; 1852, P. F. T. C. p. 321. — 
Genotype (the only species), Omiihopora avieularia (Seriularia avicubtria 
ipan)^ L., 1768, p. 809; Cellularia avundaria, Pallas, 1766, p. 68). This 
species is also the genotype of BuguUna^ Gray, 1848 ; and the genus is a 
synonym of Bvgula^ Oken, 1815. 

(hnUhiiporina, D’Orbigny, 1852, A. S.H. (3) xti. pp. 312, 313 

on p. 312) ; 1852, P. F. T. C. p. 822.— In the A. S. N. D’OrUgny snentions 
only one species, 0. avieularia^ which should accordingly be x^arM as tibs 
genotype. His citation of EUis (1756, French Ed., p, 119, pi. 88. 
fig. 7) shows, however, that the species intended was probably Avieutaria 
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JktheUaia^ Gray, 1848, p. 106 (see Avictdaria) ; and the correct name of the 
genotype is thus Omithop&rina jlahtUaia (Thomps., MS8.) (Gray). In the 
second work cited li’Orbigny includes two other species as well. Synonym of 
Aviealuria^ Gray, 1848 (with the same genotyi^) and of Bugula^ Oken, 1815. 

Pttalot^uBy LoTinsen, 1909, pp. 97, 114.— Genotype (the only species), Petalostegus 
bicomis (VaUftwria bieornis^ Busk^ 1884, p. 14). 

Planicellaria, D'Orbigny, 1852, A. 8. N. (3) xvi. pp. 333, 338 ; P.F.T.C. pp. 26, 
36, 181. — Geuosyntyi^es, R oeulaia and P. fenestrata^ two fossil species, 
apparently belonging to different genera. , 

Poricellana, D'Orbigny, 1852, A. S. X. (3) xvi. p. 338 ; 1854, P. F. T. C.. p. 1106.— 
Genotype, selected by the author, Poricellaria alaia^ D*Orb., n. sp. Canu, 
1907, Ann. Paleont. ii. p. 142 (sop. p. 38) regards Diplodidymia^ lieuss, 
1869, as a synonym of this genus ; and he describes and figures a specimen 
which he refers to D. alaia (D’Orb.). 

Beiijiuitra^ Levinson, 1909, pp. 124, 125,414. — Genosyiitypes, Ii. ^ehonaui^ Lev., n.sp., 
Carhaaea eribriformis, Busk, 1852%p. 51 {Matepora cornea^ Busk, 1852‘, p. 380) 
and Fluaiva retxcuhim^ Hincks, 1882, A. M. N.H. (5) x. p. 163. (Uenotype, 
now selected, Retifliutira coiiMa (Busk). < 

Rhabdozouniy Hincks, 1882, A. M. N. H. (5) x. p. 160. — Genotype (the only species), 
RhaMoaoum wtUani^ Hincks, ii. sp. 

Saceohjdra^ Billard, 1914, 2* Exp. Antarct. Fran^*., Hydroidcs, p. 5. — Genotype (tho 
only Saccohydra prolilematka^ Billard, n. sp. Prof, Billard recently 

wrote to me informing me that he had ascertained this genus, described as a 
Hydroid, to be a synonym of BarenUia. There is no doubt, from his figures, 
that this conclusion is correct, and that SaeeoJiydra is to be regarded as one of 
the Eutoprocta, and as a synonym of Barmtsui^ Hincks, 1880, A. II. N. H. (5) 
vi. p. 285. 1 publish this note at Prof. Billard’s request. 

Salieornaria^ Hchweigger, 1819, Tab. 8; 1820, p. 428. — This genus is usually 
attributed to Cuvier, 1817 (llt*gue An. iv. p. 75), who introduced it, in the 
form Balicomiaires,** for Cellularia salicornia (Pallas, 1866, p. 61), and 
three other species referable to Tulucallaria and Menipea. iSchwei^^r seems 
to have been tho first to use the form SaJicormruiy while he may bo considered 
to have selected the genotype by including only one species, dudwtoma 
{CeUularia aalieamia^ Pall.). If Cellaria (q. v,) is accepted, Salicarnaria 
becomes a synonym of that genus. 

Saluwmiaf do Blainville, 1830, p. 419 ; see also 1834, p. 455. — Do Biainville gives 
this as Salicmtiay Cut., although Cuvier did not use it in this form, and he 
includes two species, Cetluhria aalieomitty Pall, (see Saliewrmria) and Cellaria 
aaKeomioideSf Lamouroux (1816, p. 127, but not in Cuvier’s list). SdUcomia 
is merely another form of JSalteomaria. 

Saliramiariat Sobinz, 1825, Das Thierreioh, iv. p. 155. — Another variant of the same 
name, the species included being those of Cuvier’s original list (see Sali-^ 
oomartd), with some additional synonyms. The genus is used in the same 
form by Templeton (1836, Loudon’s Mag. Nat Hist. ix. p. 469). 
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Salpingia, Coppin, 1848, A. M, N. H. (2) ii. p. 273 ; see also Gray, 1848, p. 149. — 
Genotype (tbe only species), Saljnngia MstalUi^ Copp., n. sp. Synonym of 
Aetea^ Lamouroux, 1812. 

Sarsiflustra^ Jullien and Calvet, 1903, Kcs. Camp. Sci. Prince de Monaco, xxiii. 
pp. 43, 126. — Genotype (the only species), Samflustm ahyssioola (Flustrn 
ahyssicola (M, Sars, MSS.), G. 0. Sars, 1872, Christiania Uuiv. Progr. let 
half-year, 1869, p. 19). 

Scmparla, Oken, 1816, p. 90. — Pased on 9 species, one of which (CelMaria repena^ 
presumably repens, Ellis and Solandcr, 1786, p. 52) is a Hydroid. 
The others are Polyzoa, corresponding with four modern genera. The first 
species mentioned, and the onlytono in which a trivial name is definitely 
associated with Srritpana, is Seruparia chelata (SeritiJaria cJielata, L., 1758, 
p. 816). This was tlie only species included in Scujjaria (errore), Gray, 
1848, p. 132, and in Scrujiaria, Busk, 1852®, p. 28 ; in the latter case W'ith a 
new' diagnosis, ^cruparia cJielata should thus he regarded as the genotype. 
Hincks’ later proposal (188(h p. 21) to make his own clavata the genut\'pe 
is inadmissible, as this species is not included in Oken*B original list. Verrill, 
1880 (Proc. U. S. Nat. Mus. ii. 1879, p. 190) chose S. rejytanslSvrnpoccllftriu] 
as the genotype, but although in Oken’s list, this species has no claims if those 
of S. chelata are established. 

Serupocellarta, Van Beneden, 1845, Nouv. Mem. Acad. Hoy. Brux. xviii. p. 26. — 
Genotype (the only species), Scmjiocellaria scrufma {Sertularia scruposa, L., 
1758, p. 815). 

Scuparia, Gray, 1 848, p. 132. — This seems to have been a misquotation of Scrupana 
{q. v.). 

Smpocellaria, Gray, 1848, p. 111. — A similar mistake for Scrvpovdlariu {<p v.). 

Selhia, Gray, 1843, p. 292. — Genotype (the only species), Selim zelaudica. Gray, 
n. sp. Busk (1852®, pp. 37, 38) cites Gray’s species as a synonym of 
Cabet'ea (Crista) hot'pi, Audouin (1826, p. 242): and oven if not identical 
with Audouin’s species, Selbia^ of which no generic diaguosis was given, 
must be regarded as a synonym of Caherea (</. r.). 

Semijlustra, D’Orbigny, 1852, A. S. N. (3) xvi. p. 317 ; 1852, 1*. P. T. C. p. 326. — 
Genotype, SemiJIwtira homhydna (Muatra botnhycina, Ellis and Bolander, 1786, 
p. 14), which is the only species mentioned in the **Annales des Sciences 
Naturelles.” In the second work cit€*d two other species are also included. 
Carbasea homhymvay Busk, 1852% p. 52, is a distinct species (see Onehoporella). 
Euihyris, Hincks, 1882, A. M. N. H. (5) x. p. 164, may perhaps be regarded 
as a synonym of Semiflustra (see Buthyris). 

Spirahria, Busk, 1861, Q, J. M. S. (N,s.)i. p, 163. — Genotype, Spiralaria flarea^ 

' Busk, n. sp. 

Spiralis, Levinsen, 1909, p. 408 (Explanation of PI. 10. fig. 10 a),— A mistake for 
Spiralaria, as shown by p. 126. 
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Stirparia^ Goldstein, 1880, Q. J. Micr. Soc. Viet. Proc. i. p. 75. — Genot^’^pe (the only 
species), Sthparia annulata {Jiieellaria annulata^ Maplestone, 1879, t. cit,, 
p. 19). The generic name is pre-occupied, for Pounatulaoea, by Leuckart, 
1841, Zool. Bruchstiicke, ii. p. 122; and I propose that it be replaced by 
StirparieUa (nom. nov.), with the geiiot}'pe Stirpariclla annulata (MapL). 

JStirparulla^ nom. nov. —See Siirpana. 

Stolomlla, Hincks, 18«S3, A. M. N. H. (5) xi. p. 197. — Genotype (the only species), 
StoloneUa clausa^ Hincks, n. sp. 

itiynnota^ Pieper, 1881. — Sec tiynnotum, 

iSynnotunit I’iepor, 1881, Xeuiite Jahresb. Westful. Pro vinzial-Ver. pro 1880, p. 47. — 
Pie-per suggested the ulternativo names Mononota and Synnoia for a single 
new species, Gemellaria (?) avicularig, f^ynuota was adopted, but amended to 
Synnotumj presumably on etymological grounds, by Hincks, 1886 (A. M. N. H. 
(5) xvii. ]». 255); and I think this change in spelling may be accepted. 
Waters (IS97, J. L. S. xxvi. p. 15) pointed out that -S. avicidare is probably 
a synonym of Lorkaria ityypiiam^ Audouin, 1826, p. 24^ ; and I have 
sutistie<l myself that Giis conclusion is correct. The name of the genotype 
should thus bo JSyunotum <ryyj»tiacum (And.), It does not seem bo have 
occurred to other authors that this species cannot be placed in the same genus 
as Eucratea lorimta (Linn.). 8ee Eucratea and Gtaiellaria, 

2W)iicellaHa, D’Orbigny, 1S51, P. F, T. C, pp. 40, 47 ; see also 1852, A. 8. X. (3) 
xvi. p. -Genotype (the only species), Ternkelluna aculeata (Bicellaria 
(Trkellaria on pi. 2) aruhata, IPOrb., 1839-1846, Voy. Amer. Merid. 
V. 4, p. 8). Synonym of Trkdlaria. 

Trictllariaj Fleming, 182S, p. 540. — Genotype (the only species). Tricellaria ternata 
(Ctllana ternata, Ellis and Solander, 17S6, p. 30). 

Ulidiutn, Scarles Wood, 1844, A. M. N. H. xiii. p. 17. — Genotype (the only species), 
Ulidium charlesworthii {Melieeritn charleeworthii,, Milne Edwards). The prin- 
cipal reasons given for its introduction are that Mdicerita is etymologically 
incorrect, Alclka^tina is objectionable, and names similar to MeUcertia have 
been used in other groups^ Synonym of Melkerita ; see also Melicertina. 

Unicellaria, de Blainville, 1830, p. 425; see also 1834, p. 461.— Genosyntypes, 
Sertularia clulata^ L, (as described by Ellis, 1756, Hist. Xat. Cor. French Ed. 
p.57),^. c^rnuta^ L., 1758 (p. 810), Eueratea appendiculaia, l^mouroux, 1821 
(p. 8), and Lafoea lafoyi, de Blainville, nom. nov. for Lafoea cer«tt/c7, 
Lamouroux, 1821 (p. 8). The first of these species is referable to Scrujtaria, 
Oken, 1815; the second and third to Crma, Lamouroux, 1812; and the 
fourth appears to be a Hydroid. 

Wateriiay Levinsen, 1909, pp. 94, 99. — Genotype (the only species), Watersia 
mUitarii {Fhigtra militarise Waten, 1887, A, M. N. H. (5) xx. p. 93). 
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III. Internal Ayioularia. 

Levinsen (1909, p« 139, pi. 2. figs. 76, e, y, k) has described the 
occasional replacement of an ordinary frontal avicularium, in Menipea 
Tohoratay by an avicnlarinm which grows into the body-cnvity ; and in one 
of his letters quoted in Sect. Y. (p. 336) he refers to the presence of internal 
avicnlaria in M. marionemis. He makes no comment on this extraordinary 
occurrence ; but however improbable it may seem, both on morphological 
and on physiological grounds, there is no doubt of the accuracy of the 
description. I have found these internal avicnlaria, not only in the two 
species indicated by Levinsen, but also in certain other species of the same 
genus. 

The internal avicnlaria of M. marimeniis are represented in three of my 
figures. PI. 19. fig. 44, a basal view, shows one of these structures (t. ai\) 
in each of the zooecia D and E. The avicularium is a more or less cylindrical 
structure situated on the inner side of the frontal wall, and projecting basally 
into the body-cavity. The palatal surface is on the basal side, there is a 
normal beaked rostrum, with which is connected an acute, triangular 
mandible. The material is not in the best condition, and it has the 
appearance of having been allowed to dry. The {K>lypides are, however,, 
perfectly recognisable, and there seems to be clear evidence that the mandible 
opens and closes in the body-cavity, and in actual contact with the tissues of 
the polypide. The arrangement seems an inconvenient one, and I can suggest 
no explanation of its purpose. There is no evidence whatever that the 
avicularium lies in a cavity invi^naied from the frontal side, and I cannot 
escape from the conclusion that the mandible actually moves in the body- 
cavity. Four of these internal avicnlaria arc shown, in basal view, in PI. 17. 
fig, 22, in the socecia 0, D, E, and K. The base of the cylindrical avicularium, 
«.ae. (PI. 19. fig. 43), is not raised above the general level of the frontal wall, 
and from it originate the occlusor muscles, which are seen in frontal view, of 
the mandible. The avicularium has in fact an inverted position, and has been 
developed on the inner side of the wall of the zocecium, instead of on its 
outer side. 

The account given by Levinsen of the internal avicnlaria of Menipea 
roborata is not easy to understand ; and a renewed study of these remarkable 
structures was required. There is no doubt that, as stated by Levinsen, the 
internal avicularium replaces an ordinary frontal avicularium. 1 do not find 
them always present, as he states, when an external avicularium is absent,, 
and I have not found them in the marginal rows. They may nsually be 
found without difficulty in some of the zooecia of the submarginal rows, and 
occasionally in other zooecia farther removed from the margin. They seem 
to be always wanting on the distal side of an ovicell, where two sitternal 
avicnlaria are constantly present, directed obliquely distally, and thus reversed 
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in their direction as compared with the avicularia not related to an ovicell ; — 
again in accordance with Levinsen^s description. 

The internal aviculariuin is longer than would be inferred from Levinsen’s 
account. Its proximal end is in the same position as that of an external 
avicularium. The side view (PI. 18 . fig. 29) shows, in each of two zooecia, a 
pair of avicularia lying side by side. While one of them (f.av,) rises 
normally on the frontal side of the zonecium, the other {Lav.) runs distally 
and basally below the crvptocyst, the avicularium being long and sub* 
cylindrical, and terminating in a beaked rostrum, with an opesia subdivided 
by the projection into it of two calcareous teeth (see Levinsen,pl. 2. fig. 71). 
In a frontal view (PI. 18 . fig. 30) the distal end of the internal avicularium 
{Lav.) is seen through the opesia, and its proximal end (j>.) forms a slightly 
convex calcareous film, which is partly crossed by the triangular proximal 
end of the cryptocyst (cr.). This overgrowth by the cryptocyst does not 
occur in the external avicularia, vrhich grow frontally from their base. 

Levinsen did not discover internal avicularia in M. ligulaiamA M. spicata^ 
two species which were associated by MacGillivray with M. roli^irata in his 
genus Craspedozoum (see Sect. II.). I have found them in both these species, 
as well as in M. recti/era^ n. sp. (see Sect. V.) and in M. trisenata^ Busk. 
Their occurrence in undoubted species of Menipea is of special interest, as 
indicating that Craspedozoum should probably be merged in that genus. 

The internal avicularia do not seem to be common in M. ligulata^ but I 
have found them, as shown in PI. 18 . fig. 33, in one or two zooecia. They 
resemble those of M. roborata^ but they appear to be loss asymmetrical in 
position. 

In M. spicata (figs. 32, 35) the internal avicularia are considerably smaller 
than in the other two species. They lie closely attached to one of the lateral 
walls of the zomcium, and do not reach its opesia (fig. 35). In side view 
(fig. 32) they are seen to pass nearly vertically downwards into the body- 
cavity. The internal avicularia of M. vectifera (fig. 36) resemble those of 
M. spicata. 

In M. triseriaia (PI. 19. figs. 41, 42) the internal avicularium is broad and 
short, its distal end being just visible, through the opesia, in frontal view 
(fig. 42). It will be seen from these figures, as well as from one or two of 
those illustrating other species, that n considerable proportion of the internal 
avicularia found occur in the more proximal of tbe two zooecia formed when 
a longitudinal row is doubled. 

The species in which 1 have found internal avicularia may all be placed in 
Menipea^ s. s/r., as understood in Sect. Y. ; and they constitute a definite 
evidence of affinity in a group of species which can be placed together for 
other reasons. It seems probable that these remarkable structures wiU be 
found in other species of the same genus, though I have failed to find them 
at present in any but the ones which have been mentioned above. 
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IV. Methods of Bifubcation of the Colony. 

The “ Cellularine series of (/heilostomatous Polyzoa, which takes its 
name from the genus Cellularia (see Sect. IT.), consists of numerous genera 
and species in which the zooecium has a membranous frontal wall and the 
•colony has an erect, branching habit. The character of the frontal wall 
places them in Levinsen’s Sub-order Anasca (1909, p. 91). The Cellularine 
habit of growth is closely parallelled, however, in members of the Sub-order 
Ascophora, in which the frontal wall is calcareous and a compensation-sac is 
present {<*/. Harmer, 1902, ref. on p. 295). The genus Catenicella and its 
allies may be mentioned in this connection ; but none of the Ascophorous 
genera are here considered. 

The Anascous branching forms are usually jtlaced, in systematic treatises, 
near the commencement of the Cheilostomatous series ; and it has often been 
at least tacitly assumed that they represent a low stage in the evolution of 
the Oheilostomata. This view seems to me erroneous; and the highly 
ovolved nature of this assemblage is indicated by the characters of their 
heterozooDcia, a term introduced by Levinsen (Vid. Medd. Naturb. Foren, 
Copenhagen, 1902, p. 3) to include the avicularia and vibracula. The avi- 
cularium reaches the summit of its development in such Cellularine genera 
as Bugula and Cornucoptna^ while the vibraculum is highly specialized in 
Caherea^ belonging to the same assemblage. The assumption that tlie 
branching habit is in any sense primitive appears to me fundamentally 
wrong. It is no doubt true that the Cellularine species are less adapted for 
preservation as fossils than the encrusting forms ; but, making overv allowance 
for this consideration, the Paleontological evidence points to the encrusting 
habit as the more primitive ; and already in the Cretaceous Period, largo 
numbers of encrusting Cheilostonies, of a primitive type in other respects, 
are known. 

Not only are there these reasons for viewing with suspicion the claims of 
the Cellularine genera to be regarded as representing an early stage in 
evolution, but the study of thefr mode of branching leads readily to the 
conclusion that the erect colony is a lamina which has l>cen more or less 
subdivided. It may be noticed that the majority of Cellularine species 
consist entirely of branches having two surfaces sharply differentiated. The 
basal surface of the branch shows merely the backs ’’ of the individual 
Eooecia, all of which have their orifices on the opposite or frontal surface. 
There is thus no difficulty in regarding the typical Cellularine colony as a 
nnilaminar sheet of zooecia, divided by more or less radial slits into narrow 
branches, which in the majority of species are built up of two longitudinal 
series of zooecia, alternating on the two sides of ifae branch. It might appear 
logical to regard the biseriid condition as representing the last stage in this 
process, and thus to suppose that when biserial and mnltiserial branches 
occur in closely related species, the multiserial condition should in all cases 
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be regarded as the more primitive. I am not sure that this is always the case, 
and I think it is at least possible that a multiserial branch may in some cases 
have been derived secondarily from a preceding biserial condition. I do not 
consider it necessary to discuss this question in the present paper, in which 
I desire to point out, however, that the extent to which the splitting of the 
original lamina has taken place differs in various genera and species ; and 
that the study of the actual facts of the bifurcation of the branches may be 
of great assistance in systematic work. So far as I am aware, there has been 
no previous comparative account of this subject, although the importance of 
the mode of branching has not been overlooked by other writers. I may 
refer especially to the account given by Davenport (1891, Bull. Mus. Comp. 
Zool. Harvard, xxii. p. 41) of the branching of and to two papers by 

Waters (1897, J. Linn. Soc. xxvi. p. 2 ; 1913. Proc. Zool. Soc. p. 473), 
dealing with the mode of bifurcation in Srruporellariu and Menipea. These 
papers record important facts, but they do not exhaust the subject. 
Davenport is concerned with the general laws of branching, and he does 
not attempt to show how his results can be applied to classification. In his 
1913 paper Waters divides Menipea into several groups, based on differences 
in the mode of branching ; but I think he has not been tiltogcther successful 
in his conclusions. Waters (1913) defines a group (V’ for instance^ wbicli 
he supposes to include species having a common type of bifurcation ; but he 
places in it Meiiipea patagonica and Bugulopsis peaclui^ two species which, 
according to iny own results, differ essentially in their mode of bifurcation. 

In studying the bifurcation, particularly in the Family Scrupocellariida% 
it is necessary to devote special attention -to the formation of the chitinoiis 
joints with which many species are provided. In the majority of cases, each 
of the branches is jointed at its base, in such a way that the actual bifur- 
cating point is iininodiatoly succeeded by a joint at the origin of each branch. 
In some cases, only one of the branches is thus jointed ; an arrangement 
which may give rise to a syinpodial form of stem, unilateral when the joints 
all occur on the same side, or bilateral when they are formed alternately on 
the two sides. The joint is developed in a manner which is remarkably con- 
stant in the most diverse members of the calcareous Polyzoa ; occurring in 
fundamentally the same way in tlyclostomata (Crlsia) and in a variety of 
Cheilostomata, which seem to have no close connection with one another. 
The process has been described by various authors, among whom 1 may 
mention Waters (1881, Q. J. Geol. Soc. xxxvii. p. 320 ; 1887, Ann. Mag. 
Nut. Hist. (5) XX. pp. 89, 92 ; 1897, J. Linn. Soc. xxvi. p. 2 ; 1913, Proc. 
Zool. So<\ p. 472) ; Pergens (1890, Bull. Soc. Beige Geol. iii. p, 313) ; and 
Lomas (1889, Proc. Liverpool Biol, Soc. iii. p. 219). The joint is formed 
across one or more zooecia^ the calcareous walls of which are at first complete 
and continuous. A chitinous lining is developed on the inner side of the 
calcareous wall and in close contact with it (t/. Pergens, text-fig. 8, on 
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p. 314), in the form of a cylindrical tube, rather longer than the future joint, 
and open at both ends. An annular zone of the calcareous wall is then 
absorbed, at the middle of the ohitinous tul)e, which is left as the sole con- 
nection between the distal part of the zooecinm and the parent-intemode. 
It thus follows that the jointed zooecium partakes in the formation of tn^o 
internodes ; the greater part of it usually lying in the proximal end of the 
daughter-internode, while the part on the proximal side of the chitiuons 
joint is immersed in the parent-internode. The polypide commonly passes 
through the jointed region of the zocecinm, not only in the early stage, before 
the absorption of the calcareous annnlus, but through the chitinous tnl>eeven 
after the completion of tlie joint, and in fact throughout the whole period of 
its own life. The proximal segment of the jointed zooecinm has often been 
described as a special chamber of the parent-intemode, by authors who 
have not fully appreciated its morphological significance. 

In certain cases, as in species of Serupoeellaria and in Poricellaria {Diplo- 
^Hdymia), further strength is afforded to the joint by the development of 
additional tubes of chitin, each formed on the inner side 'of its predecessor 
and somewhat longer than it. A considerable number of these tubes may Iw 
formed, and the whole chitinons complex thus acquires a considerable thick- 
ness, showing at each end a series of rings of diminishing diameter in passing 
from the outer to the inner surface of the tube. This arrangement, which 
may be described as a system of tubes “en echelon,” is indicated by 
Olapar^de (1870, Zeitschr. wiss. Zool. xxi. pi. 9. fig. 1C), and his figure also 
shows the circular, transverse furrows of the annular thickenings of the 
calcareous wall with which the edges of the successive chitinous tulws are 
firmly united. This arrangement, which is most noticeable in the more 
robust species of Serupoeellaria, appears to be a mechanical arrangement 
admirably adapted to give the greatest strength at the middle of the joint, 
and to allow the entire stem the fiexibility which is required in order to obviate 
fracture of the delicate branches. 

The bifurcation of a biserial branch takes place by the doubling of the 
number of zooecia, and generally in such a way that two successive, alter- 
nating KOOBcia of opposite side of the parent-internode are each followed by 
two distal successors, instead of by a single successor as in parts where the 
internode is merely elongating without dividing. For the purpose of com- 
parison I have adopted a uniform notation for the zooecia concerned in the 
bifurcation, as may be seen, by reference to figs. 1-18. Tlie more proximal 
of the two zooecia which prepare the way for the bifurcation is distinguished 
as A, and the more distal zooedum, on the other side of the brunch, as B. 
0 and D, on the outer sides of the arms of the Y-shafied bifurcation, may be 
regarded as the direct snccessors of A and B respectively ; and it will be 
seen that they agree closely with their predecessors in form, differing from 
them only by diverging from one another to an extent sufficient to allow 
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two other zoGBcia to be intercalated between them. These two zocccia are 
denoted E and F ; E being derived from A and lying on the inner side oE 

0 ; and F being derived from fi and lying on the inner side of D. E is 
usually in close relation with the axil of the bifurcation, and for this reason 

1 term it the axillary zocecium. It may be the proximal inner zooecium of 
one of the branches and it is succeeded by G, the second inner zo(Pcium. 
F and H are the corresponding members of the other branch. 

A careful study of various Ccllularine genera, with particular reference to 
the relations of the zomcia above enumerated fand in some cases of one or 
two additional zocjecia) has led me to the conclusion that the mode of bifur- 
cation may be used as an important generic or specific character. I do not 
overlook the danger of relying exclusively on a single character, but the use 
I make of the bifurcation seems to be justified by finding that species thus 
assort(Ml appear, on the evidence of other clniracters as well, to form natural 
groups. It appears to me probable that during the evolution of these genera 
particular methods of bifurcation were adopted at an early stage, and can be 
recognized, with modifications, in most if not in all of the species which 
constitute the genera. It must be added lhat in most of the species here 
considered the proximal end of the distal zooecium of a longitudinal row over- 
laps its predecessor on its basal side. The diagrammatic figures are all repre- 
sentations of ba«al views, and the distal ends of the zooecia are thus bidden by 
thi' proximal ends of their successors. The zocecium A always lies to the 
right of the figure ; and, in species in which A and B alternate, A typically 
lies on that side of the pareiit-internode which is external in relation to the 
preceding bifurcation. It thus follows that if the branches E C G and 
F L) H were followed further to the points where new bifurcations occurred, 
the “ A ” zooeeiuiii of each of these would be found on tlie outer side. The 
right hand bifurcation would be a repetition of the bifurcation actually 
figured, and the left hand bifurcation would be its looking-glass image, 
A lying on the left or outer side. Didymozoum forms an exception to this 
rule, as the intercalation of a median ovicell-hearing zooecium takes place by 
a division of the inner row of a biserial branch into two row^s. 

Before bifurcation occurs, the zoa>cia of opposite sides of the branch are 
in lateral contact with one another, and are connected by rosette-plates or 
oommunication-pores. In Butjula and some of its allies a peculiar modifi- 
cation of this relation is found at the bifurcations (PI. 16. figs. 3-5). Betore 
becoming completely disjoined, the two branches remain as a rule united with 
one another by a special communication, formed in the axil by two of the 
lower members of the branches. The connecting process (c.p.) is formed in 
several different ways, which are remarkably constant within the limits of a 
species, which may thus be distinguished from others with which it might be 
confused. In only one or two species I have found, however, that the more 
proximal bifurcations of a colony may belong to one type, and the more 
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diiibi ones to' anoilieT; TMs is the case, for instance, in a colony of Bkel- 
Itmna alderi, in which two snooessive types are represented ; hot, so far as 
my obsenratbns go, this is exceptional. It is well known, however, that the 
proximal end of a colony may show characters regarded as juvenile, as oom> 
pared with the more differentiated distal parts ; and even if it shonld be 
found that differences in the mode of bifurcation occur at opposite ends 
of the colony, in other species, it will not, I think, affect the correctness of 
the statement that each species of Bugula has a practically constant method 
of bifurcation, in its fnlly developed condition. It may be added, finally, 
that the arrangement assumed is dependent, in the main, on the extent to 
which the inner zocscia remain in lateral contact with one another, or, in 
other words, on the distance to which the split forming the bifurcation 
extends towards the zocscia A and B. 

!nie position of the rootlets, with regard to the bifurcations, has previously 
been recognized as a character of importance, particularly by Waters (1897, 
1913, cited on p. 321). In the series including Menipea and its allies, these 
stmotares are given off from a pore-cbamber which projects into tbe Iwdr- 
cavity, sometimes on the distal side of the jointed region (fig. 15), and some- 
times on its proximal side (figs. 9-11). The difference may appear a slight 
one, but the general flexibility of the colony must be affected by tbe position 
of the rootlets. It seems probable that, when a joint has been evolved, tbe 
relation of the rootlets to it would not be easily altered during subsequent 
modifications of the species. Thus one series of species, represented by 
Merdpta and NotofMtet, m.iy be supposed to have started with their rootlets 
on the distal sides of the joints, and at tbe proximal ends of the internodes ; 
and to have retained these relations daring their later evolntion. Tricellaria 
may be similarly supposed to have originated from a condition in which tbe 
rootlets were on the proximal sides of the joints and at the distal ends of 
the intemodes. 

Levinsen (1909, p. 132 n.) has stated that vestigial vihracnla may be recog- 
nized in the pore-chambers of tbe rootlets of Tricellaria termta. I think 
this view is correct, and in fig. 11 1 have shown structures which admit of 
this interpretation in T. peaehU, on the proximal segments of tbe zooecia 0 
and D. In Serupoeellaria each zooeoinm is typically provided with a vibra- 
culnm, which lies on tbe basal snriaoe of the branch, nsnalty near its external 
border. The vibraculnm belongs to the proximal end of the g-nnM "™, 
althongh it is in close relation with tlie external or marginal avicnlarinm of 
tiie preceding zooeoinm of the same longitudinal row. The vibraculnm i» 
constantly provided, in this genus, with a chamber, oat off by calcareous walla 
frto the cavity which contains its muscles, and this ohainher gives origin to 
’ a rootl^ in the more proximal members of the colony at least ; altikofigh in 
VfASay of the other vibraonla the rootlet is merely represented by an eyht 
fwiestin in the outer wall of the rootlotMsbamber, corresponding uritli 
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the fenestra occurring in a vibraculum which actualiy develops a rootlet. 
1 cannot agree with Levinsen’s etatement (1909^ p. 134) that the rootlet- 
cliamber is not thus cat off in Scrupoeellaria. In Tricellana peachii (fig. 11) 
the stmctnre from which the rootlet originates is a chamber cut off by a wall 
from a more distally placed portion which shows a slight longitudinal groove, 
apparently representing the rostral groove which receives the seta of a normal 
vibraculum. 1 regard the structure in question as a vestigial vibraculum, 
situated in its proper place at the proximal end of a zooeciuin and on its basal 
surface. The rootlet-chambers thus situated are doubtless the rootlets pro- 
duced by ‘^a definite dorso-lateral chamber situated just above the latenil 
avicularium,” mentioned by Miss liobertson (1905, Univ. California Publ., 
Zool. ii. p. 250) in ‘‘ Menipea^^ (Tricellaria). As pointed out by the same 
author, the rootlets given off by these chambers may pass distally and form 
tbe tendril-like structures known to occur in Tricellana. The tendrils are 
not always formed in this way, however ; as I find that in Emma tricellata^ 
Busk, one of these strnciures may replace a branch at a bifurcation. I believe 
this to occur by the suppression of the proximal segment of F or G at a 
bifurcation, as in fig, 13, and by the hypertrophy of the chitinous tube which 
would otherwise have formed a joint, unaccompanied by the production or* 
the calcareous parts constituting a zoosciutn. In other cases, as in fig. 12, 
a rootlet is developed from the outer side of a zooeciuin which is not con- 
cerned in a bifurcation. The pore-chamber of the rootlet is still in the 
proper place for a vibraculum, at the proximal end of a zocecium ; and 
although greatly reduced may still represent that structure. 

The rootlets which do not become tendrils pass {>roximallY, sometimes 
along the basal surface, but in many cases along the lateral margins of tbe 
branches. The formation of lateral bundles of parallel rootlets is specially 
characteristic of Amastigia, ^otoplUes, and Menipea. 

Type 1 (PI. 16 . fig. 1 ). — The zooecia occur in pairs, and not alternately on 
the two sides of the branch. A and B are thus at the same level, and tbe 
split separating the two branches reaches their distal ends. £, C and F, 1> 
thus form symmetrical pairs, £ and F remaining in contact with one another,, 
at their proximal ends, on the basal side of A and B. — JJidymozoum, (The 
arrangement is slightly modified in an interuode which has become triserial 
distally by the development of an ovicelJ.) 

Type 2 (tig. 2). — Bifurcation occurs before a doubling of the number 
of zooscia takes place, the proximal end of each branch being thus utiiserial. 
0 remains in contact with the inner lobe of the proximal fork of D ; and the 
doubling of the number of zocecia takes place at the distal ends of V. and D, 
or of one of their successors if more tlian a single uniserial zomciuin occurs 
at the proximal end of the branch. — Stirpanella^ sp. (* Siboga ’ Colloctiun) . 

Uansr. JOURN.— ZOOliOGY, vox*. XXXV. . 24 
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Type 3 (fig. 3).--*'The 8|dit extends nearly to the proximal end of the 
axtlhry sooeeinm, S, vhioLis accordingly free, on its inner side, for the 
greater part of its iengftii, E gives off a connecting process (e.p.) to meet 
the proximal «id of F. In the species figured, each of the pairs E, 0 and 
F, D has a single fork, at the proximal end, divided by the common septal 
widi in such a tray that each of the four sooecia has only a half fork, instead 
of a complete fork as in the other zooecia. — Bugtda john^ona (Gray), 1843, 
and other spemes id (his genus. 

Type 4 (fig. 4).-~'Tbe split does not extend proximally so far as in type 3, 
not more than half the axillary zooecinm (E) being free on its inner side. 
The connecting process (c.p.) is given off by F, and joins the inner lobe of 
the fork of G, which crosses the basal side of E.-— Species of Bugrda, e, p., 
j9. aeaphndet, Eirkp., 1890, A. M. N. H. (6) v. p. 18, and Bieellanella, and 
most of the species of SArpariella, e. g., S. tanzibarien^ Waters, 1913, 
P. Z. S. p. 469. 

Type 5 (fig. 5). — ^The axillary zooecinm is almost completely immersed in 
tile parent-intemode, the split only reaching its distal end. The connecting 
process {e.p.') is given off by G and joins the inner lobe of the fork of H. — 
Species of Bugula, e. g., B. dentata (Jjamx.), 1816, p. 135, and of Stirpariella, 
«. g., S. camUma^ Levinsen, 1909, p. 104. 

lype 6 (fig. 6). — ^Althongh F is in contact witb B,it appears to be derived 
from E, which it meets near the middle of the length of the latter. The 
connection between the proximal ends of tihe inner zooecia of the branches is 
fmmMd hy the independent junctimi of F and G with E. The proximal ends 
of the zooecia are not bifurcate. Oblique joints, indicated by dotted lines 
and of a type common in Bvgula, traverse the zooecia.*- cirratum 
(Busk), 1884, p. 17. 

Type 7 (fig. 7). — ^Blesembles type 6 in the relation of G and F to E, bnt is 
peculiar in other respects. The axillary zooecium (£), which gives rise to F 
and G, passes into tl^ proximal end of the branch on the side opposite to A, 
« relation which has not been found in any other type. B takes no part im 
the doubling of the number of zoosoia, the proximal ends of which are not 
Infurcate.— Ifinstotiias eifothiu and all the other species (4) examined. 

In the following types (8-18} the position of the chitinons jointe is pf 
ia^wrtanoe. 

8 (fig. 8).*-Tfae proadxsal segments of F and G am in oontaot mi ^ 
basal side of E, and are sborim than the oorrespmading parts of C and ; 

joints traversing F attd G near their proxinud ends, and pawii^ 
more (Bstally through C ai^ 1). In the species figured 
' Seek, 1852), the joint tiavanM the midifie of the' opetia, which is 

dotied lines, of each <o£ the outer zooecia C and 0, Ip oetinhi ojhar 



CBLLULARIKE AND OTHER POLYZOA. 


327 


species of the genus each joint passes across the proximal end of the opesia 
of the outer zooBciuin ; and in others^ particularly in those with elongated 
aooecia, it passes entirely on the proximal side of the opesia of C and D. — 
Scrupocellaria, all species, Himantozoum may be considered to belong to 
this type, with which it agrees except that it is unjointed. 

Type 9 (fig. 9). — The proximal segments of F and G are not in contact, 
and are shorter than the corresponding parts of (! and D ; the joints 
traversing OG and DF re8f>ectively. A rootlet-chamber occurs on the 
proximal segment of C or D, or of both, and the rootlet is thus given off on 
the proximal side of the joint. — Tricellaria, spp. 

Type 10 (fig. 10). — The proximal segments of F and G are separated by 
the whole width of E, and the two branches come off at different levels, that 
on the side of A being the more proxiraally situated. Internodes commonly 
composed of three zooecia, C and D then taking on the character of A and li 
zococia in the next internode. — Tricellaria^ spp. (Figured specimen, 2. 
dmtalis var. dilatata^ Ortmatm, 1889, p. 21.) 

Type 11 (fig. 11). — Except in the fact that the proximal segments of F 
and G are in contact, this agrees with type 9. — Tricellaria peachii (Busk). 

Type 12 (fig. 12). — Beadily derivable from type 10 by the suppression of 
the proximal segments of F and G, the internode thus consisting of a single 
zooDciuin at its proximal end, connected with its predecessor by a single 
tshitinous joint.— 2V?ceJ/arfa aculeata^ D’Orb. 

Type 13 (fig. 13).— A modification agreeing with tyi>e 12, occurring in 
JSfnnia cyathue. The zocecia V and D take on the character of A and B 
zomcia at their distal ends. 

Type 14 (fig. 14). — Interuodes composed of three zoan^ia and, like the 
zomcia, very short. A slight modification of type 9. — Emuui^ spp. 

Type 15 (fig. 15). — Proximal segments of F and G in contact, much 
longer than the corresponding parts of J and K. The joints are on the distal 
sides of 0 and 1), and traverse the zooecia FJ and GK. The joints are 
situated at some distance from the axil, instead of being on the same level 
with it, and do not traverse the opesia of any zocecium. Rootlets given off 
on the distal sides of the joints. — H/otoplites. A modification represented, ui 
the same genus, in the ‘ Siboga ^ Collection resnlts from the suppression of one 
of the joints of the bifurcation. 

Type 16 (PI. 17* fig. 16). — ^The axillary zooscium is free on both sides 
distally. The zoescia F and G are not in contact with one another, but each 
is ooiineeted with one side of E at a point marked by the presence of a con- 
spicuous rosette-plate (rj?,). — Comueopina, all species examined. The 
zomoia are very long, and a constriction partially separates a small proximal 
section f rom the niain pari of the zooseium. 


24 * 
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Type 17 (fig. 17).— Proximal segments o£ F and O in contact (rarely 
separated), longer than the corresponding parts of J and K. The joints are 
on the distal sides of C and D, lying hardly in advance of the axil, and they 
traverse the zooeoia FJ and GK, passing through the opesia of F and G, the 
two inner zooecia. Rootlets given ofiE on the distal sides of the joints. — 
Menipea. 

Type 18 (fig. 18).— The internode becomes triserial by the development of 
a median row of two or more zooecia. The distal member of the median row 
(E® in the figured specimen) behaves as an axillary zooscium. Bifurcation 
in other respects as in type 17. — Mmtpea (triserial species). 

Type 19 (fig. 19).— Part of a sympodial colony of Mempea spicata, only 
one of the branches being jointed at each bifurcation. 

Type 20 (fig. 20).— Agreeing with type 8 except for the intercalation of a 
median series of zooecia in the iiiternode.— kirkpatrkki (Lev.^ 
MSS.), D. sp. 

V. Characters of Certain Genera and Spfxjibs of 

SCRnPOOELLARlIDiE. 

Family SCBUPOCELLABIIDJE. 

Cellulariidm, Hineks, 1880, p. cxxxvii ; Bask, 1884, p. xxii ; MacGiilivray, 1887, 
Trans. Proc. R. Soc. Viet, xxiii. p. 199; et aueU. 

Scrupocellariidm, Levinsen, 1909, pp. 89, 130; Osnu & Bossier, 1920, U.8. Not. 
Mas., Bull. 106, p. 180. , 

A diagnosis, based on Levinsen’s study of the Family, has been given by 
Canu and Bassler, and this may be accepted with but few mo«lificatioiis. 
The Family consists of Anasoous Cheilostonmta, of erect habit, usually much 
branched, and attached by rootlets. With rare exceptions the zoarium is 
unilaminar, and the branches are biserial in the majority of species. The 
branches are nearly always flexible, well-developed cbitinous joints occurring 
in most cases. The opesia is large, and spines usually occur distally or at the 
sides of the orifice. A specially modified spine, the scutum or fornix, jointed 
at its base, projects horizontally over the opesia, being branched or broadened 
except in the region of its narrow stalk ; but it may be completely wanting. 
The full equipment of beterozooscia consists of (1) an aviculariniii, or a pair 
of avicularia, on the frontal surface, typically on the proximal side of the* 
opesia, and with the rostra directed proximally. The frontal avicularia on 
the distal side of an ovioell are commonly paired and directed distally 
(2) a lateral or marginal avicalariuiu at the outer distal corner of tJbe 
zooBcium ; (3) a basal tieterozomcium, which may be either au aviculadum 
or a vibraculum, on the basal surface, at the proximal end of the zooeciniti^ 
usually in contact witih tbie lateral avicularium of the preceding aoceoiiliiiBw 
.The heterozooscia are not jointed at their base, and any dr all of tfaetn tmjr. 
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hvi wanting. The mandibles of the avionlaria are invariably of the pointed 
type. The terminal wall of the zooecinm is at first vertical, its origin from 
the basal wall straight or slightly carved, but then bonds distally, in 
approaching the frontal surface ; the proximal portion of each zooeciuin thus 
overlapping its predecessor on its basal side. The ovicells are hyperstoiniaK 
frequently completely contained in a depression on the frontal wall of the 
zooecium which succeeds the fertile zoieciuin, and not projecting beyond the 
general frontal level of the zomcia. 

The scutum and the heterozoof»cia appear to be very capricious in their 
occurrence. In several of the genera one or more of these structures 
are present, on most of the zoweia, in certain species ; while they are absent 
in other species which appear to be closely allied to those of the first series. 
1 think the only interpretation which can he given of these facts is that all 
these structures are to he regarded as original possessions of the Family, 
and tliat their absence is to lie attributed to loss. 

Dr. W. D. Lang has come to a similar conclusion with regard to Creta- 
ceous Cribrimorphs (1922, (.-at. Foss. Bry. (Pol.) Brit. Mus. iv. pp. 3, 156, 
and elsewhere). 

The extreme amount of loss is found in 7 ncellaria peachii^ in which scutum 
and heterozooBcia arc completely wanting, if exception be made of the 
possibly vestigial vibrueulum which has been descril^ed on p. 324. On the 
assumption that the heterozomcia are structures which give their possessors 
some advantage in the struggle for existence, it is very difficult to understand 
the frequency with wduch they disappear entirely ; the species in which this 
takes place continuing to exist, apparently wdth undiminished efficiency. 

Genera here considered : — 

1. Amantigia^ Busk. 

2. Menipea^ Lamouroux. 

3. Notoplites^ n. gen. 

4. Tricellaria^ Fleming. 

5. Emma, Gray. 

6. Scrupocdlaria, Van Beneden. 

[The genera Canda and Caherea are omitted.] 

1. Am ASTIGIA, Busk. 

Amastigia, Busk, 1362*, p. 40. 

OqherieUa, Leviuseu, 1909, pp. 134, 135. 

Amdetmmia, Kluge, 1914, p. 617. 

SernpoesiUnria (pars) and JIfempea (pars), atseU. 

Zoariom usually unjointed, the branches in nearly all cases pluriserial. 
Frontal surface typically ponvex, so that the marginal zooecia face outwardly, 
ihe basal surface more or less flat, the zoceoia of the median rows as a rule 
partially cnt completely exdnded from it. Spines^ scutum, frontal and 
marg^al avicularia, presfmi . or wanting* Basal heterozooscia typically 
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present, in the form of avicnlaria, occasionally vibraculoid, or of vibracnla^ 
Rootlets given off by the basal heterozooncia or from the sides of tiie marginal 
zoGBcia, passing proximally as marginal bundles down the colony and 
frequently extending round the axils of the bifurcations. Ovicells typically 
small, often with a frontal fenestra. 

Distribution^ circumpolar (Southern), reaching as far north as Victoria 
in shallow water and Valparaiso in deep water. 

llie characteristic features of this genus appear to be the pluriserial 
branches, w'hich are usually more or less somi-cylindrical, with the zocecia 
opening on the curved surface ; the tendency for the basal walls of some of 
the inner zocecia to be reduced ; the occurrence of basal heterozomciu (some- 
times wanting) ; and tlie arrangement of the rootlets in marginal bundles. 
The last character also occurs in Menipea and Hotoplites, The genus is of 
special interest as demonstrating, better than any other, the intimate relation 
between avicularia and vibracula. Joints definitely associated with a bifur- 
cation seldom occur, but there is reason to believe that even in unjointed 
specdes they may be formed secondarily, as fractures occurring at some point 
of an internode, the fracture being mended by the formation of chitinous 
connecting tubes formed externally to the zooecia and not as a modification of 
their own body-walls. It is not unlikely that I have included too many 
species in this genus, which may have to be further subdivided. 

1. Amastigia NtTDA, BusL (PI. 17. figs. 21, 24, 25 ; PI. 19. figs. 50, 51.) 

Amnstiffia nuda, Busk, 18.52'', p. 40, pi. 86. %a. l-4>. Tierra del Fuego. 

„ „ (pars), MacQillivray, 1887, Trans. Proc. Jt. Soc, Viet, xxiii. p, 

Victoria. 

The interest of this remarkable species seems to have completely escaped 
recognition since the publication of Busk's original account. MacGillivruy 
records it, on the authority of J. Bracebridge Wilson, from Victoria, and the 
record is confirmed by slides in the British Museum. Kluge (1914, p. 618> 
mentions the genus only to dismiss it. 

The type-slide (Brit. Mas. 54.11.15.87), from uiaterial collected by ( Charles 
Darwin, shows some interesting peculiarjtie.s w hich were not noticed by Busk. 
The branches are at first biserial, and the zomcia of the two rows here meet 
one another, in u normal manner, in the middle line of the basal surface. 
They later become ^-serial, and then 5-serial, by the interruilation of three 
additional rows. A basal view of a 5-serial region shows the appearatioe 
indicated in PI. 17. fig. 24. The greater part of the basal surface is formed 
by the marginal zomcia (1, 5), while the median (3) and submedian (2, 4) 
zocecia have only a restricted origin from this wall. The frontal surface is 
very convex, the middle region being much thicker than the sides, and the 
marginal zocecia face obliquely outwards. As shown in Bosk’s figs. 2, B, 
there is a large, tindivided sentnm, ronnded distally. A frontal avionlariam 
fOBjr occur on the sebmedian zooecia, bnt there is nsnally a pair on t hos e of 
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tlie median row, the rostrum directed obliquely proxinially except on the 
distal side of «n ovicell, where the direction is reversed, as in allied species. 
A characteristic feature of Busk’s specimen is the occurrence of well- 
developed lateral avicuhiria on the marginal zocecia. The most interesting 
point is the presence of basal avicularia, which give oflF rootlets running on 
the inner side of the lateral avicularia, as shown in Buskos figs. 4, 5. These 
have an acute rostrum, directed proximally, and they are rather longer than 
wide, but not vibraculoid. The spines are well developed, though thin ; 
four occurring on the outer side of the marginal zooeciu and two, in addition to 
the scutum, on the inner side. Scutum (PI. 19. fig. with a cavity which 
is very narrow at its commencement hut dilates towanls the free edge. The 
otlier zouccia have three spines on each side, one of them being a scutum on 
one side. In several of the marginal zocecia the distal external sjiine, whicdi 
is jointed at its base, \> enormously elongated, being much longer than a 
zo(j*cinm, and running straight tlistally, just on the ouKfr side of the margin 
of the braneli, and jiarallel with it. The thick walls of these enlarged spines 
ap|>ear to ho entirely clntinous. The ovicells have a frontal fenestra. 

In midition to the type-slide the British Musoiim ppsscascs the following 
specimens which I refer to A. nuda:--- 

97.5.1. :f4fi. Port Phillip Heads, Victoria, J. Bracehridge Wilson. 

97.5.1. and 267., Same KK-ality and donor (laliellod Mcttlj^ea /uHirulata), 
97.5.1.250. Port Phillip, Victoria, Mi>s E. U. J<‘Ily (lal>olled -1. nuda), 
99.7.1.82.3. Australia, Busk ("ullection (labelled A. nuda). 

87.12.9.ti8. Kerguelen, * Challenger’ ('oilection, Stat. 149 I., 45-127 ffithoms. 

Uocorded by Busk (1884, p. 19) as Menijteu heiu'inunitiu 

97,5.1.266 and 267 agree with the type, and differ from the other Victorian 
specimens, by possessing conspieuoua marginal avicularia. Some of their 
sjtines are considerably enlarged, notably the second and third marginal ones, 
and the spine on the distal siilc of the scutum. I have hesitated whether to 
consider iliein distinct from the other V’ictorian specimens, but I think it is 
safer to regard ih<*m si.s one .species. Basal avicularia are plentiful in all, 
sonietiinos completely alternate on the two .sides of tlie branch and sometimes, 
in the same colony, meeting one smother in pairs (PI. 17. fig. 2,5). The 
branches are at most S-serial, and the number of spines and the frontal 
avicularia (fig. 21) agree with the corresponding parts of the type. It is 
noteworthy that ovicells occur in all five rows. 

The ‘Challenger’ s{^>ecinien from Kerguelen is of more slender habit than 
typical ^1. heMmtiniiay and is 5-serial. Its scutum is smaller than in that 
species, and its spines are 4, 2 -p scutum, on the marginal zocecia, and 3, 3 
(one being a scutum) on the others. In all these respects, as in the characters 
of the marginal and frontal avicularia, it agrees with A. nuda^ to which 
1 refer it. If my determinations are correct, this species has a circumpolar 
ilistributioD, from Tiorra del Fuego to Kerguelen and Victoria. 
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On isolating the rows of zooecia, after boiling in Enu de Javelle, the 
method by which tlie zooecia of the median rows become partially separated 
from the basal surface becomes apparent. As shown by PI. 19. fig. 51, 
the basal wall is very sinuous, the vertical diameter of the body-cavity 
being greatest on the distal side of the length of the zomcium, an<l smallest 
at the proximal end. The prominent part of the wall reaches the l>aHal 
surface of the branch, while the indented proxitnal part is excluded from it, 
the lateral walls of tlie adjacent zooecia sending lolws across this part, nearly 
or quite meeting one another. The lozenges formed by the median f.omcia 
on the basal wall are thus produced ; and the arrangement wdll be more 
easily understood by referring to PI. 17. fig. 27 (A, rudis)^ in which the 
complete lateral outline of the distal median zocecium is represented. It will 
be seen that the greatest proinincnce of the basal wall corresponds wdth the 
widest jiart of the zocecium, while the proximal region of the zomciiiin is 
narrower, and is either completely excluded from tin* basal wall or only meets 
it in a linear median region. I believe this to be ihe method nniversally 
adopted in this group of species, w-hen the zotecia meet the basal wall 
partially. 

2. Amastigia Ri'Dis (Busk). (PI. 17. figs. 26, 27 ; PI. 19. figs. 49, 52.) 

Caberea rudu, Busk, 1852* p. 577 ; 1862 », p. 38, pi. 40. figs. 1-3. 

„ „ Wactiillivray, 1887, Prodr. Viet., Dec. xiv. p, 137, pi. 130. figs. 1-1 h. 

JMenipea marginata^ Hincks, 1884, A.M.K.H. (5) xiv. p. 270, pi. 0. figs. l-Jrf; 

1893, Ibid. (0) xii. p. 143. 

Branches 2-8-serinl, coarser than in the preceding species, the zon»cia 
larger in all their measurements. Frontal surface strongly com ox, the 
marginal zooeciu facing outwards. Basal surface fiat or concave, tlio 
marginal zooecia often projecting strongly as a broad, convex, longitudinal 
band on each side, the region of the median rows d(q>rGssed and concave. 
Marginal zooecium forming a disproportionate part of the basal surfa<;e, the 
others reaching the wall in regularly alternating lozenge-like areas, the 
proximal end of each of these zooecia l>eing overlapped hy fhe broad parfe^ of 
those of contiguous rows, and excluded from the basal wall or meeting it in 
a linear region. Opesia longer than in A. nnda, the cryptocyst not quite so 
much developed. Spines more uniform in size than in A. nuda, those of the 
marginal zooecia 4, 1, the fourth external more nearly vertical than the 
others. Spines in the other zooecia 2, 2 ; the second of one side in the form 
of a scutum, which does not fill the opesia, its distal lobe pointed (PI. 19. 
fig* ^9)^ cavity as in A. nuda. Frontal avicularia paired on some of 
the median rows, meeting in a median suture, their rostra directed as in 
the preceding species ; those in relation with an ovicell distant from one 
another. Outer frontal avicularium suppressed on the marginal and often 
on the submarginal rows, where the inner avicularium is often enlarged. 
On the marginal zooecia the single frontal avicularium is commonly 
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gigantic (PL 17 . fig. 26), with a strongly hooked rostrum, its articular 
•condyles strong and spike-liko, and the inandihlc triangular and pointed 
(as in the other avicularia), and with an incurved acuminate tip. Marginal 
avicularia \vunting. Basal hoterozott‘ci{i in the form of curved vibracula 
(fig. 27), placed in alternating pairs, the tip of the rostrum of each vihra- 
ciiluin meeting ilie middle of its predecessor on the opposite side of the 
branch, llootlets as in other species. Ovicells reseinhling those of A* nuda. 

Described from specimens in the British Museum, including Buskos ty{»o 
(54.11.15.82). 

The basal heterozocecia of A, rudis (PI. 17 . fig. 27) arc of the kind 
described by Levinsen (1909, }). 135) as “curved or angularly bent 
vibracula in ^1. hetu'inunlta, as noticed under that species. Levinson founded 
the genus Caheviella on this character, not recognizing the fact that 
benemiinita^ Busk, is referable to Anmdlgia. Vibracula of this type occur 
in profusion in A, rudis^ varying in size but not in form. The rostral groove, 
in which the long .^ota is re<*cived, is very long. The occurrence of difteront 
typo of basal heterozomcia in Ajnastigia tnida and A, rudh imlicates that 
these strncture> are in a plastic condition in the genus, assuming th(‘ form 
indifferently of a^iculuria and vibracula, or being completely absent. 

In side view ( PI. 19 - fig. 52) the zoiecia are very different from tho<e 
of A, nuda^ luMug larger in all their dimensions. Th(» terminal wall is 
more vertical, and the proximal end of the zoa^cium much deejx*!*, the* 
metlian zomcia Ixdng more com[iletely represented on tlie basal w’all than 
in that speeies, a fact witli w hich the smaller amount of sinuosity of the 
basal wall (PI. 19 . tig. 52) is associated. The lateral communication-plates, 
as ill other species of Amastigia (as well as in Mtndpea). are two in number. 

The basal view (PL 17 . tig. 27) of a branch of -.4. rudis is very charac- 
teristic. The marginal zociecia occupy a disproportionate amount of th5< 
wall, but the others, though here reduced, are not nearly as much so as in 
A. nuda. Each zumciuin is wdde disUilly, where it meets the basal wall 
along its wdiole width. It becomes narrower proxiiiially, as shown in the 
distal zooecium of the median row ; but the greater part of this region 
is excluded from the basal surface by the union or close approximation 
of the widened parts of the prectnling zooacia of the rows on eitlier side 
of it. The liasal walls of all the zocecia except those of the marginal 
rows tlius appear as a series of regularly alternating spindle-shaped figures. 
The basal vibracula, which are not drawn on the younger zocecia, are another 
very characteristic feature of the species. 

A. rudis differs from A. nuda in the larger number of series of zomcia in 
its branches, in the smaller number of spines, in the distal lobe of the 
scutum which is usually pointed, in the chanicter of the basal heterozotecia, 
in the gigantic frontal avicularia of the marginal rows, and in the larger 
measurements of all of its parts. 
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8. Amastioia obabbimabginata { Butk ). 

Caberea 0 ‘M$marffiiuUa, Buak, 1884, p. 28, pL 11. figs. 1-1 6. S.E. of Buenos Aiies,. 
600 fathoms. 

Rootlets running down the margins of the branches, Vibracula covering 
only a small part of the basal surface, and resembling those of A. rudis. 
Although this species is biserial the characters of its rootlets, vibracula and 
scutum are in agi'eeinent with those of other species which 1 refer to 
Aniastiffia. Waters (1913, Proc. ZooL Soc. p. 480) has suggested that it 
should be placed in Canda. 

4. AbIASTIUIA BENBMUNITA (liusk). 

Menipea benemuuiia, Budk, 1864, p, 19, pi. 4. tigs. 4, 4 « (specimens from Stations 
iiOfl (probably 308), 313, 814, 315 only). Straits of Magellan, W. of S. end of 
S. America, Falkland Is., 5-175 fathoms. 

Scrupocellaria btnemuniiu, Jullien, 1888. Mias. Sci. t'ap Horn, vi. p. 60, pi 8, 
figs. L-3. S. of Cape Horn, 99 metrt^s. 

Cah&'ieUa henenwnitay Leirinaeu, 1909, p. 135, pi. iJ2. tigs. 8tf, 8 A * Cbal longer ’ 
Exp., Stat. 313. 

British Museum, ‘ (yballenger* iJollection, 87,12,9.6Sl-73, The lype-slide is 
87.12.9.70, Stat. 313, £. end of the Straits of Magellan, 55 fathoms. Sir 
John Murray thought that a mistake was made in one of tiie records, and 
that Stat. 303 (slide 87.12.9.69) should have been 8tat. 308, the depth of 
which was 175 fathoms, and the locality near the W. coast of the S. end 
of S. America. 

This species has a close resanblauce to xi. nuda^ and il i.s curious that 
Busk did not refer it to his own genus Amastigia. It cun be distinguished 
from A. nuda by its much larger scutum, with a large, upturned, truncate, 
distal lobe, and by its flatter branches, which may be at least 7-.seriaI, in 
which all the zomcia apfiear to meet the basal wall normally, although the 
width of the median zooecia, basally, is less than tiiat of the marginal zooecia. 
The spines of the marginal zooecia are 3, 1 + scutum. Marginal avicularia 
are minute and commonly wanting. Under A, rudis I have alluded to 
Levinsen’s account of the basal heterozooecia, which he found in a 'Challenger’ 
specimen from 8tat. 313. 1 have not found heterozorecia of this type in the 

British Museum slide (87.12.9.70) from this Station, an<l the specimen seems 
to have only a single basal heterozooecinni closely resembling those of 
A. nuda. In 87.12.9.72, from Stat. 315, basal vibracula as described by 
Lovinsen occur ; and they resemble those figured by me (PI. 17. fig. 27) in 
A. rudis. The occurrence of two different types of basal heterozomcia in 
different specimens of what 1 think must certainly be referred to the same 
species is an interesting fact. 

The ‘ Challenger’ slide from Stat. 149, Kerguelen, referred to this species 
by Busk, appears to belong to A. nuda. 
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5. Amastigu POHicctATA {MacGilUvray) . 

Menipea ftmuntlaia, MacGillimy, 1886, Trans. Proc. R. Soc. Viet. xxii. p. 128, pi. 1. 
iilirs. 6, 8 A ; 1888, Prodr. Zool. Viet., Dec. xvUi. p. 28r>, pi. 177. figs. 6-6 b. 
Victoria. 

The British Museum possesses several Victorian specimens (87.12.10.38 ; 
88.11.14.321, 241 ; 1)7.5. 1, 247, 269) of this species. It resembles A. nuda 
in general ap[)earance, but the frontal surfaces of the perijdioriil branches are 
flat, and all the zocecia meet the basal wall normally. Some of the spines 
are long and thick, ^larticularly the second of the outer group of three in the 
marginal zoeweia. The single inner spine and the third or proximal outer 
spine are short and thi(‘k^ often crossing one another over the orifice of the 
zorpcium. The scutum is oval, with a siiii])]e cavity, and it fills most of the 
opesta. The branches are in the main triseriul, sometimes 4->erial, and 
marginal avictilurin occur, though not commonly ; both these and the frontal 
avicularia being small. I liave not found basal heterozouscia. The branches 
do not form joiiit> at the bifurcations, but although typically unjoinred there 
seem b> be indications of the occasional occurrence of secondarily formed 
joints. Tlie more pr(txiinally place<l branches may be narrow, witli a very 
convex frontal surface. 

fi. AmASTICIIA A11YSS1C(»LA {Klwje). 

ScnijHtceliaria funu’uluta, Waters, 1904, ‘Belgica' Bryozoa, p. 28. pi. 8. figs. 
Antarctic, 2800 metres. 

Scruyocell/trta abyssiculn^ Kluge, 1914, p. Oil. Antarctic, 2450 metres. 

Kluge doubts Waters' determination, and has sugge&tt‘d a new name for 
the deep w^ater Antarctic form observed by Waters and himself. Basal 
heterozooacia not described. 

7. AmAHTIGIA 0ABKU10IDE8 ( Kluffe). 

Seru^Mwellaria vuhtrioides, Kluge, 1914, p. 012, pi. xxrii. figs. 9, 10. Antarctic, ^l•50- 
885 metres, 

Unjoilited, 2-4-8erial, Scutum originating distally, not filling the opesia, 
oval or long and narrow, the stiilk inserted into the distal end of its lamina. 
Marginal and frontal avicularia, the latter sometimes gigantic. Basal 
avicularia paired, directed obliquely proximully, the tip of the rostrum 
slightly vibraculoid. Median zocecia much reduced basally. Kluge rejects 
hie own suggestion that this species might be placed in Amastiffia. 

8. ABiAfiTiGiA KIKKPATRICKI {Levirtsen, MSS.), n. sp. (PL 17. fig. 20; 

PI. 19. figs. 46-48.) 

Menipea nutrionenm (pare), Bude, 1884, p. 31, pi. 14. fig. 9 (epecimens from Stat. 
144 Of Marion Island, ^-75 fiithoms, only )• 

Branches biserial, becoming triserial at a varying distance from the 
proximal end. Internodes usually o£ 3-6 pairs of zooecia^ with at least one 
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median zooecium preceding the bifurcation, often with a row of 2-4 median 
zooecia. Hootlets arising from the proximal members^ mainly attached to 
the edges of the branches, some of them passing down the basal surface. 
Opesia oval, rather more than half the frontal length, with a moderate 
cryptocyst, extending completely round the opesia, and of practically equal 
width all round. Spines one external (rarely two) and one internal, at the 
distal end, the external spine placed rather more distally than the internal ; 
occasionally more numerous (fig. 46), the figure probably representing a 
zocBciuin in an early state of growth of a colony. Scutum wanting. Frontal 
uvicularia single on most of the zooccia, those of some of the median zocecia 
enlarged or even gigantic (fig. 48) ; miu h raised, directed obliquely 
proximally, and situated on the inner side of the zorpcium, on the jiroximal 
side of the opesia, which they do not reach. Two frontal avicuhiria may 
be found on the axillary zomcium. Marginal avicularia small, often 
absent. Vibracula large, on the inner side of the lateral zooccia, placed 
nearly longitudinally, the rostrum or groove for the seta greatly prolonged 
beyond the main part of the vihraculuin, and reaching the middle line of the 
branch ; a single vibraculum in the axil of the bifurcation. Ovicells large, 
longer than wide, the frontal surface rather flat, becoming concave just 
distally *to the rim of the orifice of the ovicell. The surface is imperforate, 
and the ectomcinrn covers only a narrow part of the frontal surface. 
Bifurcation (fig, 20) as described below ; both branches jointed at tlieir base, 
the joint involving the proximal end of the opesia of the outer zotecium. 

Type-slide (Brit. Mns.), 87.12.9.97, * Challenger ^ (^oll., Slat. 144 a. 

In his ‘Challenger' Report, Busk described as Meiiij>ea marionensis 
specimens from the two following localities : — 

Stat. 142, off Cape of Grood Hope, 150 fathoms ; Stat. 144 a, off Marion 
Island, 50-75 fathoms. 

On Oct. 4, 1910, the late Mr. G. M. 11. Levinsen wrote to Mr. U. Kirk- 
patrick, at the British Museum, stating that a fragment of a ‘ (liallenger ' 
specimen of ^^Menipea marionensisj^ from Stat. 144 a, had come into his 
bands, through the Dundee Museum, and that it proved to l>e a Caherea. 
On Jan. 26, 1911, he wrote further, to the effect that he had described anti 
figured the species from Stat. 144 a, as Caberea kirkpatricki ; and, having 
examined material, from Stat. 142, which had l»eeu sent to him by 
Mr. Kirkpatrick, he had found that “the great plurality of the frontal 
Rvicularia are internal in ilf. marionensis. In letorning the material which 
had been lent to him, he added a label to the specimens from Stat. 144 a, as 
follows : — “ Busk had wrongly named the specimen M. marioftensiif the type 
of which is from Stat. 142, Gape of Good Hope." 

Levinsen died in 1914, and, although 1 have made every effort to satisfy 
myself on the subject, I have failed to find evidence that his results were 
published. It must be assumed that the description referred to in his letter 
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of Jan. 26, 1911, remainod in MS. at the time of his death. Havinj^ 
examined the whole of the material from the two Stations, T can confirm all 
Levinsen’s statements of fact quoted above, although I do not agree with 
him in placing the now species in Caherea. There is no doubt that Busk 
confused two species, and it is unfortunate that martoneims must be applied, 
as shown by his description, to a species from the Cape of Gooil Hope, not at 
present known to occur off Marion Island. 

T have adopted Levinseirs MS. name kirkpatricki for the new species ; and 
I give below a new diagnosis of Menijtea marionensis. The two species can 
readily be distinguished under a low magnification. In Menlpea maria- 
aensis the joints are placed at some distance from the axil of the bifurcation, 
the ovicells are small and ^hort, there are no vibracula, and none of the frontal 
avicularia are enlarged. In Amastigia kirkpatricki the joints are at the level 
of the axil, the ovicells are large and long, conspicuous basal vibracula are 
present, and the frontal aviculariuin of the axillary zocecium (or of the 
proximal median zooccium if more than one is presontj is usually much 
larger than the others. This last feature is indicated in BuskV fig. 9^ 
(PI. 14.), which I supj>oso to have been drawm from a specimen obtained 
at Stat. 144<i, and therefore to belong to Amastigia kirkjKiJricki, In. 
describing a species obtained from more than one locality, it is always 
ex[>iidieuttu indic^ite the locality of the specimens figured ; and this omission, 
by Busk and others, gives rise to many ditficulties. 

With reference to Levinsen'a propossil to place this specie's in Caherea^ I 
think it desirable to exclude from this genus those species in which fho 
rootlets pass down the margins of the branches instead of down the middle 
of the l»asal surface. I think that C. rmlisy Busk, should be placed in 
Amastigia, and that C. crassimaigwata. Busk, may he referred to the same 
genus. It must ho admitted that ^1. kirkpatricki has a considerable claim to- 
be included in Scrupocellaria, which it resembles in its mode of bifurcation 
(PI. 17. fig. 20). The branches are well jointed at their commencement, 
but a median series of zocecia, usually commencing near the proximal end of 
the internodc, is present, in opposition to what is found in typical Srrupo- 
rellaria. The first median zocDcium (E*) originates from a zoceciiim 
situated on the outer side of a branch with reference to the preceding 
bifurcation. It gives to a second (E*), which may he followed by others in 
a median row. The distal member of this series (E * in fig. 20) behaves as 
an axillary zomcium. 

>1. kirkpatricki tlins seems to unite the characters of more than one genus, 
wdiich may be explained by the assumption that Amastigia represents, better 
than any other genus, the ancestral character of the 8erupocellariidne. and 
that its species show approaches in various <lirections to those of other genera. 
I have suggested above that the pluriserial condition was prol>ably antecedent 
to the biserial condition ; and on this view A. kirki*airicki is a species which. 
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^ba8 almost become biserial, while its basal heterozooecia have acquired the 
'full vibracular form, eo as closely to resemble those of Scrupoeellaria, 
A. kirkpatricki from Marion Id., A. gausd from the Antarctic, and A. 
marginata from off Buenos Aires all come from localities within the range of 
Anxasiigia and apparently outside that of SertipoceUaria ; and their distri- 
■^bution supports the conclusion I have come to on other grounds as to their 
generic position. 

The vibraculum (fig. 47) possesses a rootlet-foramen of the usual kind, 
eitnated opposite the proximal end of the muscular mass and given off from 
a small chamber separated by a calcareous wall from the rest of the vibraculum. 
The figure shows what appears to be another rounded chamber on the distal 
side of the rootlet-chamber. In side view this is seen to be continuous with 
the main vibracular chamber, and it is really the foot by which the vibraculum 
is connected with the proximal end of its zomcinm, a communication -pore 
'Occurring in the wall which separates it from the zomcium. 

9. Amastigia GA1788I {Kluge). 

Serupocellaria gauad, Klu{^e, 1914, p. C09, pi. 27. figs. **1, 4. Antarctic. 

Closely allied to A. kirkpatriekiy and differing from it mainly in possessing 
•a scutum, and in being 2-5-serial. 

10. Amastigia solida {Kluge). 

Scmpoeellaria solida, Kluge, 1914, p. 611, pi. 27. figs. 7, d. Antarctic, 6r>0-685 
metres. 

Un jointed, 3-serial. Stalk of scutum connected with the middh' of its 
lamina, which is lobed externally. Frontal avicularia occur, but marginal 
avicularia are not described. Basal avicularia paired, directed transversely 
inwards, the rostrum rather more vibraculoid than in the Inst species. 
Median zooecia reduced on the basal surface. 

11. Amastigia Antarctica {Kluge). 

Anderssonia anlarctka, Kluge, 1914, p. 618, pi. 33. figs. 8 . 4. Antarctic, 76-170 
metres. 

Unjointed, 6-8-seriaL Scutum and spines wanting, the opesia with 
straight lateral margins. The marginal zooocia face outwards, and they form 
the whole of the basal surface. Frontal avicularia present. The lateral 
avicularia described appear to be morphologically basal avicularia, since they 
are placed on the proximal and not on the distal ends of the zooecia. They 
are large and are arranged alternately on the liasal surface, the rostrum 
-directed obliquely proximally and being linear distally. A rootlet-foramen 
is present, a structure which seems to decide the question that those are basal 
'heterozooBcia. 

This species differs from the others described by Kluge in the absence of 
vspines and scuta ; and in these respects it has a considerable resemblance to 
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the Craipedozovm group of Menipea. Its reference to Amaatiffia seems to be 
indicated by its well developed basal beterozooecia and by the complete 
exclusion of all the zooscia except those of the marginal rows from the basal 
wall. 

12. AmASTIOTA rATI£U]FOHMI8 (Busk). 

Meniftea paieriformig, Busk, 1884, p. 22, pi. 5. figs. 4, 4 a. Off Valparaiso. 2160 
fathoms. 

The type-speci?iien (Brit. Mus. 87.12.9.101) has not been satisfactorily 
described by Busk. It appears to be allied to A. antarciicay which it 
resembles in the absence of scutum and spines. It agrees with Amastigia in 
possessing basal heterozooecia, which may be regarded as avicularia, although 
the mandible is distally linear and rather long. The rostrum is directed 
obliquely proximally. The colony is apparently unjointed, the branch thick 
andsemicylindrical, the marginal zooecia facing oblir|uely outwards ; a median 
row of zooecia, or two subtnedian rows, occurring in parts of the colony. 
Kootlets in two lateral groups. Frontal ammlaria stout and prominent, the 
mandibles broadly triangular proximally, becoming narrow distally. Ovicells 
large, and di.stinctly long and narrow. 

2. Menipea, Lamouroux. 

Mettipetty Litniouraux, 1812, p. 183. 

Craspfdozouwt Mactfillivray, 1886, Trsn.^i. IVic. R. Soc. Viet, xxii, p, 131. 

FlnimlUtru {par$)^ Waters, 1898, J. Linn. Snc. xxvi. p. 072. 

FlabeUina, Levinsen, Vid. Medd. Naturh. P'oren. Co})enhagen, 1902, p. 21. 

Celltflat'ia Bu«k, et auett, 

Zouriuni jointed (rarely nnjointed) : the joints, if present, traversing the 
opesia of each of the inner zocecia at a bifurcation (Types 17, 18, PI. 17. 
figs. 17, 18). Branches biserial to pluriserial. Scutum wanting. Frontal 
and marginal uviculariu present or wanting ; ba.<ial beterozocecia found only- 
in 3/, i>ectifera. In several species a frontal aviculariurn may grow inwards 
into the body-cavity, instead of occupying the position normal to these 
avicularia. Rootlets associated with a bifurcation originating ou the distal 
side of the joint. The rootlet.«( are nearly always in lateral bundles, as in 
Amastigia and NoiopliteB. 

The genus Menipea^ as usually understood, embraces a number of species 
which are apparently not nearly allied. I lay special stros.s, in reH:lefining 
the genus, on the fact that (in all the jointed species) the joint traverses 
the opesia of the inner zooecium, in each branch. This may happen in such 
-a way that a portion of the opesia lies on each side of the joint (IM. 17. 
fig. 17) ; or the proximal end of the opesia may lie in the region of the 
joint (fig. 18). The relation of the joint to the opesia is implied by Busk 
(1852*, p. 21) when he states that in M, cirrata one of the lower zooocia in the 
dnternode is more or less aborted. 
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The species here included in Merdpea Form a group with a considerable 
resemblance to one another in general fcudes. It will be observed that (No. 2 
excepted) they are all Southern forms, and that none of the Northern species 
are included: — a result which has already been anticipated by Norman 
(1903, A.M.N.H.(7) xi. p. 578). 

1. Menipea cbirpa (Pall.). (PI. 17. fig. 17.) 

CeUuUtria eritpa, Pallas, 1766, p. 71. 

CeUaria rirrata, Ellis and Soloudsr, 1780, p. ilO, pi. 4. figs, d, JD. " East Indies." 

Mtwfea txrraita. Busk, 1862*, p. 21, pi. 20. figs. 1, 2. S. Africa. 

Menipea erispa, Marcus, 1922, p. 11. 

Easily recognizable by the characteristic inflexion of the branches, described 
by Pallas and well represented in Ellis and Solnnder’s fig. d, and by the very 
long, cylindrical frontal avicularia (Busk, fig. 1), situated on the proximal 
border of the opesia, which they overarch. There are ty[iically six zooecia in 
the intemode, which commonly has a single, large lateral avicularium. 
Three strong, curved spines, jointed at the base, are commonly present on 
the outer side of the distal end of the zocecium. 

2. Menipea flabelldm (Ell. and Sol.). 

CdlariaJUtbelbm (part), Ellis and Solander, 1786, p. 28, pi. 4. figs, e, C. 

Ellis and Solander state that two distinct species are included in their 
account of C. Jlabellum, one from the Bahama Is. and the other from the 
E. Indies. From the description it would appear that the figured specimens 
are from the Bahamas, although they might quite well be taken to represent 
the South African form to vthich this name has usually been applied. 
Perhaps a mistake in the locality of the specimens was made in the original 
account ; but in view of the uncertainty of the question T think it best to 
use the name given by Busk, as indicated in the next species, for the 
common S. African species. M. Jlabellum, Ell. and Sol. may be regarded aa 
at present unrecognizable. 

3. Menipea oenata (Busk). 

fCeUukriafloiseota, Pallas, 1766, p. 70. 

CeUataria omata, Busk, 1862*, p. 20, pi. 26. figs. 8, 4. Algoa Bay. 

Menipea Jlabellum, Busk, 1884, p. 21. Simon’s Bay, Cape of Good Hope. 

„ ,1 Marcus, 1922, p. 18, figs. 7 a-e. 

Flttbellantjlabdlum, Waters, 18^ J. L. S. xxvj, p, 672. 

Internodes often incrwtsing regularly in width from the proximal to the 
distal end, their lateral margins nearly straight ; the number of constituent 
zocBcia reaching at least 13. Marginal avicularia and spines wanting. 
Frontal avicnlaria inconspicuous, not prominent, often confined to the zoteda 
B, F, and G ; when on F and G occnrring on the part of the zooscinra 
on the proximal side of the joint, as shown in Busk’s fig. 3. 
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4. MeNIPEA PATAGONICA, Busk. 

Menipea patagonicay'Rxksk^ 1852 ^ p. 22, pi. 23. fig. 1; pi. 25. figfl. 1-3; pi. 2G. 
fig 9 . 1, 2. Falkland la., Patagonia. 

Menipea patagonicay Jallien, 1888, Miaa. Sci, Cap Horn, vi. p. 71, Tierra del Fuego. 

P Scrupocellaria paiagemcay Kluge, 1914, p. 615, text-fig. 4. Kerguelen. 

Tnternodes commonly consisting of six zoor^cia. A single spine typically 
present on each .side, or two on the outer side, distally. Marginal avicnlaria 
well developed, frontal avicnlaria small. 

5. Menipea maiuonensts, Bmk. (PI. 17. fig. 22 ; PI. 19. figs. 43-45.) 

Menif^a marionemie (par»)y Husk, 1884, p. 21, pi. 4. figrt. 3, 3 a (:»pecimtiDB from 

Slat. 142, Cape of Good Hope, 150 fatktuns, only). 

Branches mainly biserial, the axillary zooecium sometimes preceded by a 
more proximal median zooeciatn. Internodes usually of 3-5 pairs of zooecia, 
in addition to the uiedian zo(Pciiim or zoa*cia, but sometimes with a largc^r 
nnmher^ particularly in those with ovicells. Zocpcia facing obliquely 
outwards, from a raised keel passing down the middle of the branch. Opesia 
nearly oval, but distinctly wider distally, the cryptocyst more develo]>ed 
proximally than elsewhere. Strong calcareous spines given off hasally from 
the cilge of the cryptocyst, in young zou^cia, becoming more numerou.s with 
increased age, and some of them directed frontally. Spines usually two 
external and one internal, often one on each side, the external spine the more 
distal. Scutum wanting. Frontal aviculuria single on most of the zoa^cia, 
the rostrum directed obliquely proximally ; not quite reaching the opesia. 
Two symmetrically placed frontal avicnlaria may occur on the axillary 
zoOfcium, where two median zooecia are present. Frontal avicnlaria of the 
usual type may he replaced by' internal aviculuria (PI. 17- fig. 22 ; PI. 19. 
figs. 43, 44), situated in the body-cavity. Marginal aviculuria moileraie, 
coiibtaiitly present. Vibracula and basal aviculuria wanting. Ovicells very 
short, wider than long. At the bifurcation (fig. 22) both branches are 
jointed, the distal end of the pareiii-iiiteriiode being prolonged beyond the 
axil like the base of a tuning-fork. The joints are thus at some distance 
from the axil and traverse the proximal end of the opesia of each inner 
zooecium. Zomcia F and G meeting in a long median suture on the basal 
aide of £. 

The material which was descril)cd by Bu.sk as M, niarionensis included two 
very distinct species, as has been exphiiiied above (p. 336), under Amaetum 
iirkfHXtrickL The ‘ Olmllenger ’ specimens ( Brit. Mus.) referable to M. marion- 
ends are four slides, 87.12.9.94, 95 and 99.7.1. 698, 699, all from Stsil. 142 ; 
87.12.9.94 being marked as the type. 

In examining the spirit material of tnseriaia obtained by the 

* Challenger ’ from Simonas Bay, (^)e of Good Hope, I found a frag- 
ment of another species, the original of uty figs. 22, 43, and 45 of tlli^ 

UNN, JOUBN.— ZOODOOY, VOL. XXXV. 25 
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species. Its determination was confirmed when 1 remounted in Canada 
l^Isain one of Busk’s dry slides (99.7.1.698) of M. marionensis from Stat. 
142. Fig. 44 has been drawn from Busk’s slide thus treated. 

The calcareous spines developed from the cryptocyst are one of the most 
striking features of a Canada balsam preparation of Menipea marionensis. 
They are relatively few in young zocecia, in which they are directed towards 
the basal surface (figs. 22, 43, 44). In the older zooecia (fig. 45) they are 
much more numerous, some of them being branched, and some of them being 
directed towards the frontal membrane. These spines appear to be of the 
same nature as the similar structures which have been described by Levinseii 
{1909, p. 138, pi. ii. fig. 7, «w) in Menipea roborata. As in other members 
of its family, each distal zoopcium of Menipea marionensis overlaps its 
predecessor to a considerable extent on its basal surface, as indicated in 
fig. 22. In the older zooeciuni represented (fig. 45) p is the ]>roximal wall 
of the distal zoceciuin, and the opesia has been restricted by the formation of 
a horizontal calcareous lamina, the free edge of which is in the form of a 
Gothic arch (i?) ; while the opesia is further reduced by the enlargement of 
the proximal cryptocyst. 

The ‘remarkable internal avicularia of tins species are described above, in 
Sect. m. 

6. Menipea triskkiata, Busk. (PI. 17. fig. 18 ; PI. 19. figs. 40-42.) 

P Crista degans^ Lamourouz, 1821, p. 6, pi. 65. fip^s. 4 7. Cape of Good Hope. 
Mmvpea trxseriata, Busk, 1852^ p. 22, pi. 23. figs. 2-4. 8. Africa. 

„ „ Busk, 1884, p. 21. Cape of Good Hope. 

„ „ Waters, ISfljS, J. L. S. xxvi. p. 672, pi. 48. fig. 12, 

Internodes more or less triserial, composed of numerous zouecia. External 
spines 2, internal 2, on outer zooecia ; 1, 1 on median zocecia. Oyptocyst 
strongly developed on the proximal side of the opesia, covered witli minute 
tubercles, its free margin here strongly thickened, and usually produced into 
a strong median tooth which may be directed basully. Marginal avicularia 
on most of the zooecia. Frontal avicularia often two on the median zooecia, 
one of which may be replaced by an internal avicnlarium ; reversed (the 
rostrum directed distally) on the distal side of an ovicell, an arrangement 
<sommonly found in this genus. The outer frontal avicularium is wanting 
on the marginal zooecia. Ovicells short, usually broader than long. 

The British Museum possesses a number of slides, all from South Africa. 

A specially interesting feature of this genus is the possession of internal 
avicularia (figs. 41, 42), which have been described above, under SecLiIl* 

7. Menipea quadrata (Busk)^ 

CeUularia guadrata, Batk, 1884, p. 18| jd. 6. &~ib. Sergucleit, HMxd lalMid* 

Internodes long and narrow, consisting of nnmorous sooeoia. Spines and 
frontal avicularia wanting. Marginal avicularia small. 
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S. Menipea FLAGELLIFBRA, Busk. 

MtnifMa flagellifera. Busk, 1884, p. 21, pi. 4. fip^s. 1-1 h* Kerguelen, Merion Id., 
Straits of Magellan, W. of Falkland Is. 

Scritpt>eellari€t flayellifera^ Kluge, 1914, p. 615, text-fig. 5. Kerguelen. 

Tnternodes of moderate length. Usually a single external spine. Mar- 
ginal aviciilaria large. Frontal heterozooecia vibraculoid. 

The frontal heterozooecia of this species are so peculiar as to suggest the 
possibility that it should be placed in a new genus. I refer it to Menipea 
because it has the mode of bifurcation characteristic of the genu.s the joints 
traversing the opesia of each inner zooeciuin. The frontal heterozocecia, 
which are constantly jircsent, have the seta of a vibraculuin, but they do not 
possess the rootlet-foramen which is always found in a basal heterozocecium, 
wheth(‘r it is an avicularium or a vibraculuin. In view of the fact that in 
Amasiigia avicularia and vibracula are interchangeable on the basal surface, 
a corresponding plasticity may perhaps be conceded to Menipea. The struc- 
tures in c|ue.-<tion rephice the frontal avicularia of other species ; and, in 
spite of tint presence of a greatly elongated mandible, I think they may be 
regarded as avicularia. ^ ^ 

9, Mknipka SPICATA {Mat^iiiUivray). (Pb 17. fig. 19 ; PI. 18. figs. 32, 
34, 3r>.) 

Cmsf^flozoum spientum^ Macdillivray, 1886, p. 132, pi. i. figs. 2, 2fli; 1889, Prodr, 
Zool. Vii't., i>ec. xviii. p. 283, pi. 177. figs, 3-36. Victoria. 

Utiilauiinar. Tnternodes curved frontally, composed of numerous zoiccia, 
biserial at tlieir origin, becoming 4-serial di&tally. Bifurcation cymose, 
owing to the fact that only one of the branches is jointed ; the ultimate 
branches being imihitcrai cymes and the larger stems being bilateral (fig. 19). 
'While the lateral internodes give off a single branch, those of the larger 
etems give off two branches, one on each side. The proximal branch comes 
off near the commencement of the internode, and forni.s the commencement 
of a lateral branch. The distal brunch is placed in the line of the main 
stem^ of which it forms a segment, and the distal, unjointed termination of 
the parent-interuode diverges from the stem^ on the same side of it as the 
proximal branch, 'fhe mode of branching of J/. spicuia does not seem to 
have been previously noticed, but a similar suppression of one of the joints 
occurs also in the allied genera Ifotoplites and Tricellaria. The affinity of 
Jl/. spieata to the other species which I place in Menipea is shown by the fact 
that the joint traverses the opesia of an inner zocecium. 

Jl/. spicata has two well-developed spines on the outer side of the marginal 
zooscia and one on the inner side : and one spine on each side of the median 
Kooecia* The eryptocyst is strongly developed on the proximal side of the 
opesia, and calcareous spines project into the body-cavity from the lateral 
wallsi as in M. rohoraia. The ordinary frontal avicularia do not occur on all 

25 * 
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the zooecia, but vrhen present they are large and prominent. They are very 
asymmetrical^ the rostrum much elevated, and situated at the outer side of 
the zoopcium, indicating that the avicularinm is one of the pair found in 
other species, its direction being as required by this hypothesis. Internal 
avicularia (figs. 32, 35) occur, always in zocecia which do not succeed an 
ovicell, and, as noticed on p. 319, they are concealed by the proximal 
cryptocyst, in frontal view. They are considerably smaller than in M. roho^ 
rata, and they lie close to one side of the zooecium, being directed almost 
vertically towards the basal surface. Ovicells occur only on the two median 
rows, and two strong calcareous thickenings of the frontal wall converge 
distally, uniting with one another to form a strong recurved spike projecting 
in the middle line beyond the ovicell (fig. 34). The basal walls of the 
median zooscia are considerably constricted near the middle (fig. 85). 

This and the next two species were placed in Craspedozomn by Macdillivray 
(1886, Trans. Proc. 11.. Soc. Viet. xxii. p. 131). who instituted this genus for 
their reception. They are all provided wdth the lateral bundles of rootlets 
which usually occur in Afenipea. The pore-chamber for the rootlet (fig. 35) 
is situated in the usual place, at the proximal end of a marginal zomciiim, 
and it probably represents a vestigial basal heterozooeciiim. It is incon- 
spicuous in M, spicata, in which there are no blister-like i)ore-cbamhers on 
the terminal walls, at their insertion into the basal wall. 

The British Museum possesses several slides of Victorian speciuKMis 
(88.11.14.97,298; 97.5.1.459,460; 83.10.15.46). 

10. Mexipba li(u:lata (MacGJUivrat/). (PI. 18. figs. 31, 33.) 

Oratpedotmmt ligutatum, MacGillivnijr, 1886, p. 162, pL 1. fitrr. 6 6n ; 1A8U, Prodr. 

ZooL Viet., Dec. xviii. p. 283, pt. 177. figs. 1, 1 b, 2. Victoria. 

FlabeUarit roborata, rar. ligulata, Waters, 1898, J. Linn. Soc. xxvi. p. 672. 

Jlfoi^pea KguMa, Levinseu, 1909, p. 140, pi. 2. 8a-». 

Unilaminar, the froatal surface convex, with the luarginiil zoatcia facing 
partly outwards, the liasal surface Hat or conctive. lh'auche.s coin[) 08 ed of os 
many as nine rows of zoosoia, nnjointed. Proximal cryf»tocyst le^s extensive 
than in M. /picata, usoally prolonged into a thick calcareous .spike or column 
(fig. 31 ), descending hasally into the body-cavity, on one or both sides. When 
paired these spikes are not on the same level, one being usually just visible 
in frontal view, at the proximal end of the oficsia, the other com|>letely con- 
cealed by the cryptocyst and best seen in a basal view of a (lanada balsam 
preparation. Spines 1, 1, well developed. Frontal avioularium single, 
symmetrical, its rostrum broadly triangular and directed proximally, shorter 
and wider than in M. spkata ; nut developed on the distal side of an oviccdl. 
Internal avicularia (fig. 33) father short, nearly horizontal, the base wide,, 
the rostrum just apitoaring iu the proximal end of the opeshi. OvieeiJs 
longer than wide, the two calcareous bai-s uniting iu u wide (lothic arch near 
the distal end, with a short median mucro,. llasal walls of zooicia strongly 
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coDjitricted laterally, the arrangement being as in Amasligia rudis (PI. 17 . 
fig. 27), the basal wall correspondingly sinuate. Branches bordered by lateral 
groups of rootlets, as in the allied species, given off from pore-chambers at 
the proximal ends of the marginal zomeia. The termiiial walls may or may 
not be [>roYided with blister-like pore-chambers at their insertion into the 
basal wall. 

Victorian specimens, Bracehridge Wilson Coll., in British Museum, 
97.5.1.453,454. 

Waters regards this as a unilaminar variety of M, rohoraia^ but 1 think its 
characters entitle it to specific rank. 

11. Mexipka uonoiiATA (PI, 18 . figs. 28-30.) 

Mv^nhmmpom roborata^ 11i)icks, 1881, A. M. N. II. (‘"i) viii. p. 12S, pL 2. ligs. .‘5rt. 
Cttrtis Id., i>as8 Straits; 1892, IbitL (6) ix. p. a.3I. 

FluiiirH membranipondeg^ liuak, 1884, p, 54, jii. .^2. tigs. 7 a,b. l*ort Jackson, Pass 
Straits. 

Crtntj*ffIoZi()un4 rohoratum^ Mac(iilli\ray, p. 131, pi. 1. tig. 4 ; Prodr. Zool, 
Viet., Dw*. xviii. p. 284, pi. 177. tiirs. 4. 5. 5/i. Victoria. 

IWteihfrift ntboraia AVaters 1898, J. L. S. xxvi, pp. (HiO, 072. 

Ffafudliua { Flnbellaris) niborata, Levinseu, Vid. Mt^dd. Naturh. P\iren. Copenhagen, 
1902, p. 21. 

Menipea ruburatu t jKtrejf Waters, 1887, A. M.X. IL p’>) xx. p. 18^1. 

Mfiiipm roftoratuj L*.\iijsen, pp. 3, 9, 131, 132, 138, pi. 2. tigs. 7 n-k (FhibeUinti 
tin plate). 

Bilaminar, uujointed, pluriseriaK with at least 17 ro\v> of zocecia, the 
branches bordered by marginal bundles of root let?, widening tenuiniilly and 
assuming an almost Plustrine appearance. l.>a.sal walls of the median zooccia 
only slightly constricted, laterally, near the middle. Spines 1, 1. Crypto- 
cyst loss developed than in M. ligtilaia. Thickening bars of ovicells uniting 
in the form of a Gothic arch and more or less acuminate ; or in a roumled 
curve, without a mucro. Frontal aviculariu paired (except on the lateral 
zooccia, where the aviciilariujii is single) close together, llie rostrum directed 
obliquely proximally; two constantly present on the distal side of an ovieell, 
w'idely separated, their ilirection reversed. Internal frontal aviculariu large, 
directed nearly borizontuiiy, on the basal sitlo of the cryptocyst : their distal 
end visible at the proximal end of the opesia. Rootlet pore-chambers of the 
marginal zooecia inconspicnous. Blister-like pore-chambers on the proximal 
side of the insertion of the terminal walls into the basal wall present or 
absent. 

The .synonymy shows that there has been much difference of opinion wdth 
regard to the generic position of the present species ; but I agree with 
Waters and others that it must be placed in Alenijyea. Hiucks (1892) and 
Waters have both expressed the opinion that Af, ligulata and M. spieata are 
varieties of this species. That it actually belongs to Menipea is indicated by 
JUf« 4jncata, which has the typical unilaminar character of the genus, wdiile 
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retaining the characteristic position of the joint at the bifurcation. This 
species has a close resemblance to M. spicata in all essential details of 
structure ; and its internal avicularia {figs. 29, 30) found also in other 
species (see Sect. III.J are a striking point of agreement. Another resem- 
blance is the occurrence in both species of calcareous spines projecting into 
the body-cavity, as originally described by Levinsen. On separating tlie 
two Jaminre of a branch of M, robtirata^ after boiling in Eau de Javelle, it is 
found that while rosette-plates are wanting in all tlie zooecia of the median 
rows, typical lateral rosette-plates occur on all those of the two marginal 
rows. M. liffulata shows a distinct tendency to curve the margins of its 
branches towards the basal surface. If this process were continued until 
the edges united to form a hollow unilaminar cylinder, with the basal 
surface internal and the frontal surface external, and iF this cylinder were 
then compressed so that the cavity disappeared and the basal walls of opposite 
sides came into contact, a bilaminar branch would result. At each lateral 
margin the external zooecia would be united by rosetk'-plates, while none of 
the others would be thus united. This is the arrangement actually found in 
roboratd. 

Specimens (slides) in the British Museum : 97.5.1,1.05, 467. Victoria, 
Braoobridge Wilson Collection ; 81.10.21.3.52-354, Port Jackson ; 50.6.2.2. 

12. Menipea vectifeka*, n. sp. (PI. 17 . fig. 23; PL 18 . figs. 36-39.; 

Unilaminar, the frontal surface flat, the basal surface also flat or slightly 
convex ; the branches coiiipose<l of as many as seven series of zoo'cia, and 
bordered by lateral bundles of cootlets. Apparently not normally jointed, 
although secondary breaks are formed across the branches, becomirg 
converted into joints by tlio development of irregular chitiiious tubes. 
Habit a.s in J/. spicata, but less calcified. Cryptocyst (fig. 23) finely tuber- 
cular, the proximal part extensive, especially in the marginal zomcia, the 
free edge narrow on the distal side of an ovicell. A pair of long bars, 
expanding at tlieir free ends in a palmate manner (figs 37, 39), descend 
from the thickened edge of the proximal cryptocyst into the body-cavity, 
their direction being nearly vertical, but with a slight slope proxiuially. 
Spines small, 2, 2, the inner or distal pair commonly vestigial and recognizable 
by their tubular cavities trasversing the oral frame, as seen in a (/anada 
balsam preparation. Frontal avicularinm single, asymmetrical, commencing 
at one edge of the proximal cryptocyst, the rostrum directed transversely or 
slightly proximally, the mandible rather elongated and linear distally. On 
the distal side of an ovicell two frontal avicularia occur, widely separated, 
their rostra reversed so as to point distally and outwards. Internal 
avicularia (fig. 36) found in several cases in the more proximal zooecinm of 
the two formed when a row is doubled, close to the concave side of the 

* VsotUf a bar ; referring to the two bars lorne by the proximid eiyptocjrst. 
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zooecium and directed more or less basally ; concealed beneath the proximal 
cryptocyst in frontal view. Marginal avicularia (fig. 23), on the marginal 
zomcia, small, with a deep cavity excavated in the distal part of the outer 
calcareous wall. Basal surface of zooBcia moderately constricted laterally, 
the terminal wall showing one, two, or even three blister-like poro-chanibers 
projecting into the proximal zomcium, close to the basal wall. A con- 
spicuous pore-chamber giving off a rootlet at the proximal end of each 
marginal zomciuin, situated just distally to the marginal avicularium. A 
single basal hetcro/oo^cium (fig. 38} sometimes prescMJt at the angle of the 
bifurcation, its rostrum narrow and elongated distally. Ovicells without 
distinct thickening burs, the free edge of the ectooecium forming a rounded 
curve, passing near the sitles and distal margin, and not giving rise to a 
iiiucro. Operculum distinct and Menibraniporiforni, without basal sck^rite, 
but with well-marked lateral, triangular, ocelusor flanges. 

Described from three specimens in the British ^Iiiseum Collection, all 
from New Zealand : — Hincks Collection, 91b5. 1.(530 (Type land (labelle<l 

AJeniiframinym rolnmila) ; Busk Collection, 99.7.1.703 (labolleJ Menipea 
muliiseriaia ). 

This interesting sjiecies would be referable to Craspedozovm if that genus 
were recognized as ilistincl. In the presence of internal avicularia it 
agrees with the other three species which were placcvl in that genus by 
MacCillivray* But this feature allies tlic i ni$)iedozotnn group with ty[acal 
s[)ecics of Memin*a such as M, IrihndaUi and J/. marionensis^ while < \ sj^intfum 
shove's a further agreemeni with ^ffniptfa in the chanuter of its jointing. 
The present species, in retaining a single basal heicrozumciuin at the bifur- 
coition, indicates that these structures form a part of the original inheritance 
of tin* genus, as in other genera of Scrupocellariidtv, and notably Amastiffia 
anti yoiojdites. The presence of marginal avicularia, which I bavt* not 
found in other species of Craspedozoumj is a furtlicr feature of interest. 

13. MeNIPEA 3H LTISEUIATA, JJusk. 

Meiupea muUifvrmta^ Busk, 1852 p, 22. pi. 00. figs. 1, 2. Xcw Zealaud. 

Uniluminar, multiserial, jointed, bordered by marginal groups of rootlets., 
the number of stndes of zooecia at least 8. Basal walls of the zooocia hardly 
contracted laterally. Spines 1, 1. Ovieells closely resembling those of 
M. roborata. Frontal avicularia 2 on the median zomcia, the rostrum 
directed obliquely proxiinally ; two constantly present on the distal side of an 
ovicell, the rostrum directed nearly transversely outwards ; one on the 
marginal zooeeia. A small lateral avicularium on the majtginal zo(jeeia. 

Busk considered this species nearly allied to J/. triseriata^ and possibly a 
variety of it. The locality was said to be unknown by him. The type-slide 
(99.7.1. 112.D) was not returned to the Museum on the completion of the 
Catalogue, but it came later, with the remainder of the Busk Collection 
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received in 1899. It was then unnamed, hnt it had been marked by Bnsk 

New Zealand.’’ The sf)eeiinen was determined by Mr Kirkpatrick, in 
1904, as the missing type-slide. The tmdence in favour of this view seems 
to me conclusive. A portion of the specimen exactly resembles Busk’s 
fig. I ; and there are certain agreements between the specimen and the 
figure, particularly the occurrence of a minute emargination in the outer 
outline of the uppermost marginal zuoecium, on the h^ft side, which show 
that the figure had l>oon drawn with great accuracy. It must therefore Ixs 
assumed that Busk had obtained evidence; after the publication of his 
description, that tlie figured specimen came from New Zealand. It may 
here be noted that Waters (J887, A. M. N.H. (5) xx. pp. 84, 183), who does 
not admit the specific distinctness of M. rohorata and tlie allied forms, and 
has stated that a New Zealand unilaminate form is jointed, may have hud 
H. mvltiseriata under observation. It is possible, on the other hand, that ho 
was referring to M. vet^iifera. 

It is remarkable that the resemblance of M. muUisenala to Ji. roborala 
lias not previously been noticed. 1 have felt some hesitation in separating 
them, but 1 think this procedure may be justified on the following grounds: — 
J/. multiseriata is unilaminar. I do not think it is a specimen of ^J. roborata 
in which the laminae had become separated, because the marginal zomcia 
show no rosette-plates and because occasional rootlets pass across the 
basal surface. The species under consideration has marginal avicularia, 
which do not occur in M. robomta ; and it is joirittMl, another definite 
difference. In a normal bifurcation of the type-spcciiiieii it appears to me 
that only one of the branches of^the fork is jointed, and tliat in this one the 
joiqt traverses the opesiu of the innermost zooccinm. The jointed branch 
consists of only 2 or 3 zoa'cia at its base. In other parts, secondary joints 
occur as in certain other species of Menipea, Tlic joint in these caH»s 
traverses the whole widtli of a branch, without having any relation to a 
bifurcation. It has clearly been formed by ahsorjition of the calcareous 
matter, but the separate edges are joined by irregular chitinous tubes, which 
have the appearance of being new formations, and not simply the chitinous 
lining of the zone of the zooecium which lies in the region of the joint. 

I have been unwilling to interfere with the type-specimen to tlm extent 
that would be necessary in order to obtain evidence with regard to the 
occurrence of internal avicularia; and I must leave this point utidecided. 

3. Notoputes *, n. gen. Genotype, -/V. Tostratm^ n. sp, 

Cdhikma (part)^ Menipea (pars), and ScrupoceUaria (pare)j auett. 

Bifurcation of type 15 (fig. lo), one or both branches jointed^ the proximal 
segments of F and G in contact and much longer than the corresponding 

• pOrov, beck j iirXirtfc, an Mined man ; in allunon to th. faMal avievliiiia. 



CKLLULAttlNlC AKD OTHER POLYZOA. S49 

jwirts of J and K. The joints are on the distal side of C and D, and traverse 
the proximal ends of GK and FJ without passing tlirough an oposia. 
Rootlets given off on the tlistal side of the joint. Zomcia elongated, the 
opesia relaiivtdy short. Basal avicularia, approacliiiig a vibraculoi*! form, 
tj^pically present, and tli<m usually confined to the neighhourhood of the 
axils ; the rootlets giv«*ii off by them or from other parts closely applied to 
the margins of the branches and strengthening the axils. Scutum, frontal 
and marginal avicularia present or absent. Ovicells typically large, and with 
a frontal fenestra. Zourium biserial. 

1 propose this genus primarily for several deep-water species rei>reseiited 
in the ‘Siboga’ ( Jollection, all of tlieni supported by an elongated stalk 
composed of parallel rootlets, which diverge at the ba>e to form an anchoring 
tuft — a type of growth frecjiicntly found in (.-hcilostomes from deep w'ater. 
1 select as the geaoty])e N. ro.simtua^ of which 1 give a preliminary diagnosis; 
this s{»ecies representing the genus in what 1 consider the full expression of 
its characters, some of which are lost in other species. The feat«re> which I 
regard us specially characteristic are : (1) the mode of bifurcation, the joints 
being at a considerable distance from the axil (a convenient way of 
recognizing meiiibcrs of the genus), and the ]>OAition of the joints^ which are 
completely on the distal side oi and 1); (2) the occurrence of basal 
heterozo<eeiu, commonly confined to the bifurcations, t'ertain species do not 
possess these structures, but their ufiinity is indicated by the mode of 
branching. 

JSotnftIUes appears to be allied to Ama^itlijia^ as shown by the occurrence of 
basal avicularia ; hut it ditiers from that genus in being biserial and jointed, 
in the longer zo<eeia,and in having tlie basal avicularia confined, as a rule, to 
the bifurcations. It differs from Menipea in tin* fact that the joint does not 
traverse the opesia of the inner zoieciuin at a bifurcation. Jt will be observed 
that the genus, a.s here understood, occurs from the Arctic to the Antarctic 
Oceans, but that a counectiiig-liiik is afforded by the * »Siboga *' species, from 
the neighbourhood of the equator. 

1. NuTOrUTES ROSTUATUS, 11. sp. 

Zoariuin reaching a lengtli of 55 iniii., attached by a proximal tuft of 
rootlets which separate from a uiain stem, about 20 mm. long, composed of 
parallel rootlets. Zomcia long and narrow, their outer outline concave ; the 
opesia, which occupies less than half the frontal length, oval, much reduced 
proxiniaily by a broad, crescentic cryptocyst. Distal spines 2 external, 
1 median, 1 internal, with another arising from the basal surface. Scutnin 
jointed at the base, the lamina lobed, its distal portion the smaller and 
generally acutely pointed and narrow. Frontal avicnlarium, in ordinary 
acama, variable in size, elevated, at some distance from the opesia, pii the 
inner side of the cryptocyst, reclining against the opesia of the preceding 
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alternate zooecium, the rostrum linear and directed obliquely inwards and 
distally. Frontal ayicularium succeeding an ovioell gigantic, directed trans- 
versely outwards, the upeurved rostrum resting on the distal border of the 
ovicell, the much elongated linear mandible on the distal side. Marginal 
avicularia varying in size, usually sinalK the rostrum directed obliquely 
outwards, basally and proximally ; occasionally gigantic ; on the fertile zocecia 
gigantic, originating slightly on the basal side, the rostrum directed distally, 
nearly parallel to the edge of the branch, the distal half free, the mandible 
on the outer side. Basal avicularia (one pair) occur on the inner zocncia 
succeeding the joints, inflated proximally, the long linear rostrum directed 
distally ; each giving off a rootlet at its proximal end, in line with itself, the 
rootlet running closely attached to the margin of the axil. Ovicells large and 
very long, imperforate except for a transversely elongated fenestra, on the 
frontal surface, near the orifice. 

‘Siboga’ Expedition, Stat. 211, 5® 40' 7" S., 120° 45' 5" E., 1158 metres. 

Various species which have been referred to other genera appear to belong 
to Notoplites} and, in some of these, basal avicularia hav(‘ already been 
described or have b()en found by me in specimens in the British Museum 
Collection. In other species basal avicularia se(?m to be wanting ; but here, 
as in other genera of Scrnpocellariidm, it may he assumed that an im]>ortant 
generic character may fail to develop, the afliniticM of the species being 
indicated mainly by the mode of bifurcation. 

(a) Species in which basal amularia (nrur, 

2. NoTOPLITKS BILOBA {Husk). 

Ceilularia Inhba, Busk, 1884, p. J8, pi. 8. figs. Azcires, iKK) fathoms. 

Resejiibling jV. rostratus in habit, in the form of its zotecia, scutum, 
marginal avicularia, and ovicells. Frontal avicularia wanting. The ‘Chal- 
lenger’ slides (87,12.9.63, 64) shown pair of small transverse basal avicularia, 
which were not noticed by Busk, at the bifurcation. 

3. NoTOPLITES CRATEBIFORMIS [BusU). 

Ceilularia cratsriformis Busk, 1884, p. 16, pi. 3. Rga. 1-1 A. K. of Buenos Aires, 
1900-2650 fathoms. 

Resembling the preceding species in habit and in the marginal avicularia. 
Scutum and frontal avicularia wanting. Of the ‘ Challenger^ slides (87.12,9. 
51, 52) 51 shows a pair of small basal avicularia, directed nearly transversely, 
at a bifurcation. These seem to be referred to by Busk, who says; 
** Occasionally a radical tube may be seen supporting, instead of an ordinary 
zocecium, a small curiously formed avicniarium.” 
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4. Notoplites avicularijb {Yttnagi Okada). 

Scrupocdlaria amculari^Bf Y'anagi & Okada, 1918, Ann. Zool. Japon. ix. p. 418, pi. vu 
lig* 4, text-fig. 4. Japan, 78 fathoms. 

Scutum large, with a complicated cavity. Frontal and marginal avicu- 
laria small. Basal avicnlaria small, the rostrum directed obliquely proximally 
and inwards, not confined to the bifurcations, but occurring alternately, on 
the proximal ends of the zoa^cia. The text-figure shows cleat ly the origin of 
a rootlet from a basal avicu lari urn. 

5. Notoplites marscpiatus (JMen). 

iScrup'}ceilnna mwrsupiaia^ Jullien, 188:^, Hull. Soc. Zool. PVaxice, vii. p. 5()<), pi. 13, 

figs. 17-20. N.W. of Spain, 2018 motres; 1888, Mias. 
Sci. Cap Horn, vi. Zool. p. 89. 

„ Calvet, 1907, Kxp. Sci. * Travailleur ’ i t * Talisman,' viii. 

p. 3f < . 

., „ Waters, 1888, ^ Challenger ' Kt*p. pt. Ixxix. p. 9. 

Menipen clausa, Husk, 1884, p. 20, pi. iv. figs. 5, \V. of Azores, 107o fathoms, 

Jullien and Water.s both pointed out in the same year (1888) that Busk's 
species is a synonyiii of *S'. marsuputia. A special peculiarity of the sjxccies is 
that the convex scutum so completely fills the oper^ia that it iip[>ears at first 
sight to bo the Irontul wall, it i.s attached to its stalk at the distal inner 
corner, and its free border is marked bj' characteristic radial slits, in the 
‘ Challenger ’ specimen (87,12.9.83) at least. Frontal and marginal avicu- 
laria small. Jullien states that lie found a single basal vibruculuiii in this 
specie>, and Waters points out that Kirkpatrick has toiind vibracula on the 
basal side, on two zoteciu. 

(b) S(t€cits in which basal arietdaria are not recorded. 

6. Notoplites elongatus (Busk). 

CeUutaria elongata^ Busk, 1884, p. 19, pi. 3. tigs. 3-3 b. Korguelen, 28 tatliniu&. 

Scutum elongated, the distal lobe the smaller. The * Challenger ' slides 
(87.12.9.65, 66) show that this specio.s agrees in its bifurcation with A’ofo- 
plkes. Marginal avicularia small, frontal avicnlaria wanting. I cuiiuot find 
any case in which two median zooecia occur, as shown in Buskos tig. 3 a. 

7. Notoplites Jeffrey sii {Sorman). 

MtnipeajeffreysUy Norman, 1868, Q. J. M. S. (n. a.) viii. p. 213, pi. 6. figa. 4 8 Shet- 
land; 1893, A. M. X. 11. (6) xii. p. 446, pi. 19. lig. J. Hardanger 
and iVondhjem Fjords, Fiiitnark ; 190il, Ibid. (7 ) xi. p. 579. 

, „ Hlncks, 1880, p. 42, pi. 9. tigs. 1, 2. Shetland. 

„ „ Nordgaard, 1918, Troms^ Mus. Aaraheft. xl. (1917), p. 35. 

In his 1893 paper Norman pointed out that the scutum is not correctly 
described in his original account and in Uincks’ fig. 1, also referring to the 

e The figures are wrongly given in the teat as 8-5, as pointed out by Norman (BK)3. p. 446). 
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original specimen, but that it fills the entire opeaia (in the same way as in 
Jf, marmpiatuSf Jull.). He refers to a figure by Alder, reproduced in his 
own original account (fig. 6), supposing that certain avicularia which appear 
to be on the basal surface are really frontal avicularia seen through the 
zomuia by transparency. It appears possible that these are really basal avicu- 
laria, and in a specimen from Norway in the Cambridge Collection 1 have 
•observed structures on the basal surface which may perhaps be of tbis nature. 

8. Notoplitbs SMITTII {Norman). 

CeUularia temaUif forms duplex^ 1868, UlV. K. Vet.-Aksd. Forh. xxiv. 

pp. 283, 812, pi. 16. tigs. 23, 26. Spitsbergen. 

Mmipm mdUii, ^'ormau, 186S, Q. J.M.S. (ii. s.) viii. p. 214. 

„ „ Ilincks, 1880, p. 43. 

Menipm duplex^ Levinseu, 1887, Dijmpbna-Togtets zool.-bot. Udbytte (Copenbageii), 
p. 309, pi. 26. tigs. 1, 2. Kara Sea. 

ScrupoceUaria Waters, 1900, J. L. S. xxviii. p. 37, pL 7. figs. 8-11. Franz 

Josef Land. 

EUncks remarks of this species, which has frontal and Lateral avicularia 
•but no scntuin, that it is nearly allied to M. jeffreysii. The mode of branching 
characteristic of the genus may be seen in Smitt's fig. 25 ; but it is better 
shown by Waters (fig. 8), who emphasizes its difference from certain other 
species. 

9. Notoplites antarctious ( Waters). 

Scrnpocellaria antarcticaf Waters, 1904, Mlelgica' Bryozoa, p. 23, pi. 1. figs. 5a-e; 

pi. viii. figs. 2 a, b, Antarctic, 433-A80 metres. 

„ „ Kluge, 1914, p. 606, pi. 28. fig. 1. Antarctic, 330-385 

justree. 

Frontal and marginal avicularia and scutum present. Waters’ fig. 5 a 
shows the mode of bifurcation well. 

The three species next following, described by Kluge from Antarctic 
waters, may be referred to Notoplites^ on the evidence of the bifurcation, as 
shown in the figures. 8. watersi apiiears to bifurcate in the same manner ; 
while 8. perdita, in \rhich there is no evidence with regard to this ^loint, has 
.an ovicell resembling that of other species of Notoplites. 

10. Notoputes tenuis {Kluge). 

ScrupoeeUariu tenuis, Kluge, 1914, p. 608, pi. 27. fig, 2, Antoretic, 46-385 metres. 
Frontal avicularia and scutum present. Marginal avicularia wanting. 
Bifurcation clearly represented. 

11. Notoplites dryoalskii (Kluge). 

Serupoceliaria drygaiskii, Kluge, 1914, p. 600, pt 27. fig. 5. Antarotie, 70-885 
metres. 

Frontal and marginal avicularia present. The soutom fills the opesta, as in . 
If.jefreyni. Bifurcation figured. 
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12. Notoplites vanhoffeni {Kluge). 

Scrupoetllana vanhoffent^ Kluge, 1914, p. 610, pL 27. fig. 6. Antarctic, 6o0-385 
metres. 

Frontal and marginal avicularia and scutum present ; differing from the 
preceding species in the scutum, which has a complicated or eervicorn 
cavity. Bifurcation figured. 

13. Notoplites vvatebsi {Kluge). 

ikmpoctlUiria wateni, Kluge, 1914, p. 607, pi. 27. fig. 2. Antarctic, 350-385 
metres. 

Frontal and marginal avicularia and scutum present. The bifurcation 
represented in tho figure is typical except for the zomcium B. 1 suspect 
that a mistake was niaile with regard to this point. 

14. ? NoT<)PUTF.< I‘KR1)ITUS {Khuje). 

Srrupocellaria pet'diia, Kluge, p. 613, text-tig. 2. Antarctic, 2450 metres. 

Bifurcation not described. The scutum and ovicell resemble the corre- 
sponding parts in ^V. rostratas. 

Ineertiv mlis (possibly b<dongitig to Sotoplites). 

15. Menipea nohmanj, yordgaard^ 1900, Nor.ske Nordhavs-Exp., p. 4, pi. i. 

figs. 2-8. Off Norway, 408-1134 metros. 

16. ? Notoplites simplex {Kluge). 

tSorujwcellana simple.r, Kluge, 1914, p. 607, pi. 27. tig. 1. Antarctic, 3S5 metres, 

Bninches bUerial, the opesia elongated, oval, with much raised margin.. 
Scutum and spines wanting. A single frontal aviculariiim, and occasionally 
a minute marginal avicularium. Ovicells unknown, basal heterozooecia not 
described. Bootlets at first passing down the margins of the branches, given 
off from a chamber at the proximal end of tlie zooecium. KItig<' .states that 
this species is ordinarily unjointod, hut that tlx; branches may be jointed 

olxsrhalb der Gabeluiig.'’ The zooc'ciuin and the opesia resemble the corre- 
sponding parts of Kotoplifes elougalu^ (Busk) ; and it seems possible that the 
species should be referred to the same genus. 

4. Tricellaria, Fleming. 

Trieellanaf Fleming, 1828, p. 540. 

Cellarina^ Van Benedeu 1848, p. 70 (nee Ctllarim, D*Orl)igny, 1851, p. 181 ). 

Temkellaria^ D'Orbigny, 1851, pp. 40, 47. 

Bngnlopei^, Verrill, 18^), p. 190, 

CelhdmHa a ml Menipea (pans)^ auett. 

Zoarium jointed, the branches biserial. Internodes commonly consrituted 
by three zooeciu, at lea.st in the main stems. Zomcia more elongated than in 
Emma^ the oyesia occupying a small proportion of the front and \virlioiit a 
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large development o£ cryptooyst proximallj. Bifurcation of types 9-12 
(figs. 9-12), the joints traversing the proximal ends of tiie zooscia OG and 
DF ; one or other of the joints occasionally suppressed. F and G nsnally 
separated on the basal side of E, sometimes by its whole width, their 
proximal segments shorter than the corresponding parts of C and D. The 
proximal ends of F and G may be suppressed, in which case the internode 
consists of a single zooeoinm at its proximal end, and the joint consists of a 
single chitinons tube. Rootlet given off on the proximal side of the joint. 
Scutum, marginal and frontal avicnlariu present or wanting. Basal avico- 
jaria and vibracula wanting, but probably represented by the rootlet {tore- 
chamber. 

Among the species which I include in TneeUaria are the following 

A. Internodes biserial at the proximal end. Joints composed of two 
chitinous tubes (figs. 9-11). 

1. Trioellabia teknata {EU. ^ Sol.). (Fig. 9.) 

CtUaria Untata, Ellis & Sulander, 1786, p. 30. Aberdpon. 

Menipea tematOf Hinelcs, 1880, p. 38, pi. 0. figs, 1-4. British coasts. 

This common species has often been described. 1 may draw attention to 
the ^mssibility, mentioned on p. 324, that the structure from which a rootlet 
may arise in this species may represent a basal licterozowcium — ^a structure 
otherwise absent in the genus. 

la. Tricellakia tkrnata {Ell. <j- Sol.), var. cbacilis, Smitt. 

CelliUaria temata, forma gracOu, fimitt, 1808, Ofv. K. Vet.-.\kad. Fiirh. xxir. (1867), 
pp. 283, 305, pi. 16. figs. 10-16. Spitsbergen to Britain and Belgiiiui. 

Menipea grarHie, Busk, 1878, in Nares, Xarr. Voy. Polar .Sea ‘Alert’ and ‘ Ibscoverv,' 
ed. by H, W. Feilden, ii, p, 284. 

It may be observed that f/raeilif as the trivial name of this form is ante- 
dated by Cellarina yraeilit. Van Beneden, 1848 (see Sect. II.). 

2. Tricellakia oooidbntalis ('Tratk), 1873*. (Fig. 10.) 

Menipea ooeidentalie, Troak, 1873, Proc. Calif. Acad. Nat. Sci. i. (1854-1867) •’ ed 
p. 118, pi. 4. fig. 4. 

» I. Eobertson, 1906, Univ. Calif. Publ., Zool u. p. 284, pi. 6. figs. 

22-26. California. 

„ wwywcto, Ilincke, ]882,A.M.N.H. (6)x. p.46l. Queen Charlotte Is. 

3. Tbicellabia pbibilofi ( Robertion ). 

Menipea prMofi, Robertson, 1006, t. eO. p. 267, pi. 7. figs. 82, 83; pi. 8. fig. 84. 
.Alaska, islands of Bering Sea. 

• The Proceedings of the California Academy for 1854-1857 were originalii7printedto a 
newspaper, “The Pacific,” but were republished, verbatim, in 1873. Dr. Iriwk’s nsner was 
Mad at tiie meeting, Mar. SO, 1867. 



CELLULABIKB AND OTHER POLYZOA. 


355 


4. Tricellaria sympodia [Yanagi Sf Okada). 

Menipea sympodia^ Yana^i k Okada, 1918, Aim. Zool. Japon. ix. p. 410, pL 6. 6^. 1, 
text-fig:. 2. Japan, 250 fathoms. 

As indicated by its name, this specic^s is an instance of the sympodial 
mode of growth, due to the suppression of one of the joints at the bifurcation. 
The remarkably elongated, cylin<lrical frontal avicularia resemble those of 
Menij^ea v.risim and of ? Xotoplites normani, 

5. Tricellaria peachu (Fig. 11.) 

Cellularta ptat^hi^ Busk, iHol, A.M.N. 11.(2) vii. p. 82, pi. 8. figs. 1-4. British 
coiists; Busk, ]8o’2% p. 20, pi. 27. figs. 3-5. 

This common species has been frequently described. It appears to repre- 
sent the extreme amount of loss of structures which typically occur in the 
genus, as shown by the disappearance of the frontal and marginal avicularia 
and of the scutum. It was made the genotype of Bugulopsis by Verrill ; 
but its mode of bifurcation is that of Tricellariay with which I think it 
should be placed. 

G. Tricellaria monotuypa (Busk). 

CMdaria monotrypaj Biiok, 1852^ p« 308. Brsa Straits. 

„ cmpuhita. Busk, 1852*, p, 19, pi. 27. figs. I, 2; 1884, p, 17. 

Ill 1884 Busk remarked that it might be proper, conditionally, to revert to 
his original name, monotrgpa. There seems no question that this should l>e 
done, as Busk was not justified by the Rules of Nomenclature in substituting 
a new name without adequate reason, which was not given in his second work 
published in 1852. 

B. Internodes uniseriul at the proximal end. Joints composed of a single 
chitiuous tube (fig. 12). 

I regard ibis condition as secondary^ and as due to the suppression of the 
proximal segments of the zomcia F and G. A similar suppression is found 
in Emma. 

7. Tricellaria aouleata {lYOrL). (Fig. 12.) 

BieeUarim ac^iktnta^ D'Orbigny, 1839-1846, Voy, Am4r. M4rid. v, 4, p. 8, pi. 2. 
figs. 1-4 {Tricellaria aealeata on the plate). Falkland Is. 

Menipea aeuleata, Busk, 1884, p. 20, pi. 4. figs. 2,2 a. Falkland Is., Patagonia, 
6-175 fathoms*. 

„ „ Marcus, 1921, Vid. Medd. Dansk naturh. Foren. Ixxiii. p. 93. 

Camphell Id. 

« Busks record of Stat. tlOR, 1325 fathoms, should prohahly have been Stat. 308, 
175 fathoms (see under Anutitigia benemml^, p* 334). 
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JHenipea fu^entis^ Busk, 1852^, p. 21. pi. 19. figs. 1-3. Tiem del Fuego, Falkland 
Is. ; 1879, Phil. Trans, vol. 168, p, 194. Kerguelen. 

„ „ Jullien, 1888, Miss. 8ci. Gap Horn, vi. p. 70, pi. 12. figs. 1, 2 ; 

pi. vii. figs. 8-10. Tierm del Fuego. 

ScmpoctllaHa fuegentM^ Vf aters, 1 904, * Beigica ' Br jozoa, p. 24. Straits of Magellan. 
„ btfurcata, Kluge, 1914, p. 614, text-fig. 8, Kerguelen. 

There is some uncertainty \rith regard to T. aeuleata and its synonyms. 
In 1879 Busk expressed the opinion that Menipea fuegenm (Busk, 1852) is 
a synonym of il/. amleata ; and 1 think this opinion is correct. The type- 
specimen (54.11.15,262) of M. fiiegensis is from the Falkland Islands, and it 
is of rather coarser habit than those described and figured in the ^ Challenger’ 
Beport ; while its scutnm is linear instead of being branched. Tlie scutum 
is known to be variable, within the limits of a single species, or even of the 
same colony, in other Scrapocellariidse ; and the dififereoces in question do 
not seem to be sufiScient for the establishment of two species from material 
from substantially the same locality. The fertile interiiodes figured by 
Jullien as M. fitegensis and by Kluge as Sentpocellaria bifureata arc very 
long, and Waters has expre.s8ed the opinion that Juliiou^s species should be 
considered distinct. I am inclined to regard tbem as different forms of a 
single species, as indicated in my synonymy. D’Orbigny’s figures are 
probably not correct in all details, but some latitude must be allowed to 
observations made so long ago. All the specimens I have examined in the 
British Museum Collection, whether from the Falkland Islands. Patagonia, 
or Kerguelen, agree in the important character of having the interuode 
composed of a single zooecium at its proximal end, associated with the 
existence of a single chitinous tube, instead of two tubes, in each joint. 

8. Teicellaria LONGISPINOSA (Vanagi Okada). 

Menipea longiepinosa, Yanagi & Okada, 1918, Ann. Zoul. Jap. ix. p. 408, pi. 6. fig. 3, 
text-fig. 1. Japan, 312 fathoms and depth not stated. 

5. Emma, Grag, 

Emma, Gray, 1843, p. 293. 

„ Busk, 1832’S p. 27. 

Menipea (pare), auett. 

Internodes very short, typically composed of two or three zomcia. Bifur- 
cation of types 13, 14 (figs. 13, 14), the two branches given ofP symmetrically 
or asymmetrically. Opesia reduced by an extensive development of crypto- 
cyst, sloping considerably in a basal direction. Marginal avicalaria on the 
proximal side of the opesia, or opposite its proximal end. Scutum usually 
present, sometimes wanting. Joints conspicuous, the internodes very narrow 
proximally. 

Gray gave no generic characters, i|lnch were later described by Busk. 
Although the genus has been considered unnecessary by MacGUlivray (1881, 
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Prodr. Zool. Viet., Dec. vi. p. 32) and others, I tliink it may conveniently be 
reiuinod for the following ^roup of southern species. As pointed out by 
Busk, lilmnui is nearly related to TrieellaAa. 

A. Internodes biserial at the proximal end. Joints composed of two 

chitinous tubes (fi^. 14). 

1. Emma crystallina, (jvay. 

Emma cryHallina^ Gray, 1843, p. 293. New Zealand. 

„ „ Bujjtic, 18^2 % pp. 28, 3.3, pi. 40. 13. New Zealand, Boss Straiti). 

Mmipta cryitallina^ MacGillivray, 1881, Prodr. Zool. Viet., Dec. vi, p. 31, pi. o8. 
figs. 2* 2 

„ „ Waters, 1887, A. M. N. 11. (5) xx. pp. 88, 205. New South 

Wales, etc. 

„ „ J^evinsen, 1909, pp. 132, 133, pi. 2. fiifs. 1 a, 1 A. 

2 . Emma tricellata, /JvsL 

Emma tricellatn, Husk. 1852*, pp. 28. 33, pi. 41. figs. 1,2. Bass Straits, New Zealand. 
Menipea tticellata, MacGillivray, 1881, t. cit, p. 34, pi. .W. 

3. IIhma BnsKii ( Wi/r. Thoms.) (fig. 14). , 

Mfmiprn huakii, Wyville Thomson, 185S, Nat. Hist, Uev. v. Proc. of Societies, p. 144, 
pi 12. fig. 1. Ta^^mania, New Zealand. 

„ „ MacGillivTHX, 1S81, t. cit pp. 35, 32, pi. 58. fig.s^. 0-0 A 

,, httaki, beviii8'ii, 19(.)9, pp. 59, 13‘4-UW, pi. 2. tigs. 3rt-3€*. 

4. KmMA CEIIVICOHNIS, MarfliU. 

Emvw cermcornia, MacGiUivroy, 1809, Trans. Proc. R. Soc. Viet. ix. p. 127. 
Victoria. 

Mmij}ea cemWwww, MacGillivray, 1881, f. cit. pp. 34, 32, pi. 58. figi». A- Ah. 

„ „ var., Waters, 1887, A. M, N. Jl, (o) xx. p. 88, pi. 4. fig. 1. 

New South AVah^. 

„ „ Leviuaeii, 1009, pp. 59. 132, 133, pi. 2. figs. 4rt, Ah, 

B. Internodea nnii^erial at the proximal end. Joint.s composed of a .Mn^le 

chitinous tube (fig. 13). 

5. Emma cyathos ( T/ioms,) (fig. 13). 

Afeat^a iyatkua, Wyvilhj Thoiuson, 1868, /. ri/. p. 143, pi. 15. figs. 10, IOat. Bass 
Straits; Port Fairy (Victoria). 

„ „ MacGillivray, 1881, t cit pp, .*13, 32, pi. 68. figs. 8-36. 

„ „ l 4 evinsen, 1909, pp. 132, R13, pi. 2. figs. 2o, 26. 

6. SORUTOOBLLARIA^ 1 an ficnedeti. 

Zoarium jointed^ biserial^ bifurcation of type 8 (fig. 8), the joints crossing 
the rooeoia OG and DF ; frequently traversing the opesia of the outer 
zoosoia, C and D, but never those of F and G. Proximal segments of F and 
G in contact on the basal side of E, shorter than the corresponding parts of 
UMK. JOCRN*— ZOOLOGY, VOL. XXXV. 26 
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0 and 1). Rootlets not forming marginal bundles, some of them given oflE 
by basal heterozooecia. Each zomcium is typically provided with frontal and 
marginal avicularia and with a basal vibraculnm, the last at its proximal end, 
the marginal avicniarinm at its distal end. Cavity of the vibraculum 
divided by a calcareous septum into » larger chamber containing the muscles, 
and a smaller chamber, from wliicli a rootlet originates in the proximal 
members of the colony at least. Sota of the vibraculum without lateral 
branches. 

This genus is readily recognizable, and as but little confusion exists with 
regard to its limits, f do not think it necessary to discuss the species in detail. 
The relations of the joints to the outer zoa»ciu at the bifurcations give useful 
assistance in cdiarncterizing species ; a j>oint which will b(5 l>rought out more 
fnlly in iny forthcoming Kiboga Report. Jn some msea, as in fig. 8, the 
joint traverses the opesia at its middle. In otlnn* cases it merely involves the 
proximal end of the o})esia ; and in others it passes entirely on the proximal 
side of that opening. 

Kliig (5 (1914) has described 17 species whi(»b b« refers to Sn'HjniCillaria, 
One of these, S, InnihoUftli, And. (p. dlC) is from < Vipo Verde, an<l is rightly 
placed. The remainder are I'rom Kerguelen (1 species) and Antarctic 
localities (15 species). All of th(‘se may more properly, in my opinion, be 
distributed among the genera Amastlflia^ Sofoplitf'S, and TrMlaria^ 

and I think it has still to be proved that the genus occurs within Ibc limits 
of the Antarctic (,>irclc. Sn'iqm-ellana is a characteristic genus of Korthern 
latitudes, it is well repn'sented in the Siboga C\)llection from m‘ar the 
Equator, and it is well known jo ocenr in localities much furtlier sc»ufh, as for 
instance ofl' the south coast of Australia. Its possible relation to Amintuynt 
is indicated on p. 337, under A* hirkputrichl. 

Although Sn^upore/laria exhildts the leiulency, shown in other members of 
its Family, to suppress iinporttint structures lik(i the si*utum and tiie frimtal 
and marginal avicularia, all these structures are more eoininonly retainetl 
than in certain other genera. The basal vibraeula are ver\ raixdy wanting ; 
and in most cases the}" occur regularly on every zorecium. The (»ccurrencc 
of either one or two vibraeula in the axil of the bifnreatjon is a useful 
systematic character, as has been pointed out by Waters (1897, J. L. 8. xxvi, 
p. 7). Ji<win>en (1909, p. 134) has stated that the vibraculum of Serttpo-- 
cellaria is not divided into two chambers. 1 do not nnderstami this assertion, 
which is at variance with my own results. 
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EXPLANATION OF THE PLATES. 

The drawings made with an A objective were reduced lo L Hiid those with a 
C objective to I their origiual size. 


I’latk 16. 

Diagrams of bifarcafiun in Cellalarinc genera (Text, Sect. IV’'.). 'Fhe branches are all seen 
from the basal surfaoei and a iinifbriii notation has been adopted fur the zooecin, of which 
A is the more ])ro.xiina]ly situated zoojciiiui which gives rise to two distal successors. The 
preparations from wliich the drawings were made were, in nearly all ciiNe-s, Canada balsam 
mounts. 

Fig. 1. — Type 1. /hV/f/morowwi (‘Sibogii’), 

Fig. ^1 . — Type 2. *S/iVyiariV?//// (iindescri bed species in the ^ Sihoga’ Collection). 

Fig. — Type 3. Jiagulfi jo/mshnte ; c./?., connecting process. 

Fig. 4. —Type 4. Jhu/ida scaphunics „ ,, 

Fig. 5. — Ty|Hi 6. r Sihoga’) ; „ ,, „ 

Fig. 0. — Tj'pe ti. JFMophzount cir rat inn The dotted liue^ indicate the ji>ints. 

Fig. 7. — Type 7. JST/wc/Wiw ( innlescribed, * Siboga ' Colleotion). 

Fig. feroi (‘Sibnga*). Tlie joinl tra\erses the opesia (dotted 

lines) of the outer zocecia. 

Fig. i). — Type 9. Tritrllar ta fernata (Sorwfty), A rootlet occurs on the proximal segment 
of I). 

I^g. 10. — Type 10. TrMlaria orrufentalis var. dilniata (.lapan) ; r., rootlet. 

Fig. 11.— Type 1 1. Triceltarin piuchii (Durham coast). 

Fig. li?. — Type 12. Trk'eihria aculeafa {* (.'hallenger,^ Stnt. hut probably Stat. J308; 

see text, p. 

Fig. lo. — Type 10. Emma epafhns (lines Straits). 

Fig, 14. — Type 14. Emma Imskii ( Yicloria I. 

Fig. lo. — Type 1.5. NotopHtes rostratas, i\. cSiboga’). A rootlet occurs on the distal 
segment of K. 


PL.4TK 17. 

Figs. 10 20. Ding] ains of bifureaiioit, continued. The specimens from which tigs. 21 and 

23-27 were drawn had been cleaned with Fan de JaAelle, iniolving the h»ss of the .opines 

and chitinous parts. 

Fig. 16.1— Type 10. Comucoinna (from a .specimen in the ‘ Siboga* Collection) ; rosette- 
plates. 

Fig. 17. — l^pe 17. Menipea crispa (Algoa Bay, S. Africa). The joint traverses the opesia 
(dotKMi luies) of the inner xooccia. 

Fig, 18.*— IS. Mmipf.a Uiseriata (Simon’s Bay, S. Africa, B.M. 87.12.9,99). 

Fig. 19. — Type 19. Menijifea SfHcata (Victoria). A system of branches, showing a sym podia! 

form of colony, associated with the suppression of one of the joints at each 
bifurcation (B.M. 97.5.1.460). 

Fig. 20. — Type 20. Amustigia kirkpatricki{ljev» MSS,), n.sp. (Marion Id., B.M. 87.12.9.97). 

Fig. 21. — Ameudigia fwula (V^ictoria, B.M, 97-5.1.246). Fiontal view. Obj. A. 

2G* 
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Fig. 23. — Menipta marimeimt (Simon’s Baj, S. Africa, 'Challenger,' B.M. 87.12.9.00; 

found with AT. trmriata). Basal view, showing 4 internal avicnlaria (i.av.) ; 
Lav.t lateral aviciilariuin. Obj. A. 

Fig. 23.— ve<Aiferat n. sp. (New Zealand, B.M. 99.6.1.630). Frontal view. Obj. A. 

Fig. 24.— nuda (Tierra del Fuego, B.M. 64.11.16.87, t^'pe-specimen). Diagram 
of basal surface ; f.av., lateral avicularinm ; 1, 6, marginal sooecia ; 3, median 
zoQeci>im; 2, 4, submedian zocecia. 

Fig. 25.— nuda (Victoria, B.M. 97.5.1.246). Basal view of a 6-serial branch, 
showing 4 basal avicularia and 2 ovicells on marginal zooecia. Obj. A. 

Fig. 26.— rudU (Victoria, B.M. 97.6.1.462). Frontal view, showing gigantic 
frontal avicularia on the marginal zocecta. Obj. A. 

Fig. 27. — AnwBtigia rudk. Basal view of the same branch, a seta having been inserted 
from another specimen which was not cleaned with Eau de Javelle. Obj. A. 


Plate 18 . 

All the drawings are from specimens which had been boiled with Eau de Javelle, after 

which treatment the longitudinal rows can be separated by gentle pressure of a needle on 

the basal surface. The drawings were made with a C objective and reduced to one-third 

their original size. 

Fig. 28 .— rohorafa (Australia, B.M. 60.5.2.2). LaterHl view of two zorecla, with 
ovicells (ot\) and frontal avicularia (fjtv,); Irp., lateral rosette-plates; jrp., base 
of spine ; internal calcareous spines. 

Fig. 29 . — Mmipea rohorafa (same slide). Lateral view of two zoix^cia without ovicelN ; 

frontal avicularium ; t.av., internal avicularium ; t.rp,, terminal rosette- 

plate. 

Fig. 80 . — Menipm roborata (same slide). Frontal view; cr., tlie part of the cryptocyst 
which overlies the internal avicularium (f.r<c.), of which the proximal end (/i.) 
is seen partly thi'ough thei frontal wall and partly through the lateral wall of the 
zooscium : t.r.p,, terminal rosette-plate. 

Fig. 31 . — Menipm Upvdata (Victoria, B.M. 97.6.1.454), l^iteral view, showing two ovicells, 
a frontal avicularium, and a strong calcareous process (r.;).) projecting vertically 
into the body-cavity at the proximal end of the opesia. 

Fig. 32 . — Menipea spicata (Victoria, B,M. 83.10.16,46). Lateral view of two zpcccia without 
oncells ; /.flr., frontal avicularium; i.ar., internal avicnlariuin. 

Fig. 33 . — Menipea Hgtdata (Victoria, B.M. 97.6.1.464). Frontal view of a zoof^cium with 
an ovicull and an internal avicularium (i.or.). 

Fig. 2lA,--Menipta epkata (same slid© as fig. 32).— Lateral view of two zooecin, each with 
aii ovicell produced into a conspicuous spike. 

Fig. 36 . — Menipea epicaia (same slide). Basal view ; two of the zocecia with internal 
avicularia (t.aa.) ; r., origin of marginal rootlot. 

Fig. 86 . — Menipea vecHfera^ n. sp. (New Ze^and, B.M, 99.6.1.630). Basal view of two 
zocBcia, one with an internal avicularium (i.ar.). 

Fig. 87 .— wetiferaf n. sp. (same slide). Basal view of two zooecia, showing the 
characteristic calcareous bars (c.6.) projecting into the body-cavity from the 
proximal cryptocyst. 

Fig. 88 . — Menipea veettfera^ n. sp. (same slide). Basal view, showing the laige basal 
avicularium (6.aa.) at the bifiucation ; /.ar., lateral avieuloriuiu. 

Fig. 39,— Afrmpea tedifem^ n. sp. (same elide). Lateral view of two zomoia, showing an 
ovicell, two frontal avieularia, and the characteristic internal calcareous bars. 
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Platk 19. 

The origiiiHls of Figs. 40-42, 61 and 62 were treated witli Eaii de Javelle. 

Scale of figures as iu 1*1. 18. 

Fig. 40 . — Metupea tritteriala (Simons Hay, S. Africa, 'Challenger/ B.M. 87.12.9.99;. 
Lateral view of two zowda with ovicells and frontal avicularia. 

Fig. 41 . — MeJiipea tri$eriata (same slide). Basal yiew, showing an internal avicularium 
(i.ar.), a lateral avicularium (/.av,), and the ongin of a marginal rootlet (r.). 

F'ig. 42 . — Mmipea trmviata. Frontal view of the same zocecia; /mv, frontal avicularium; 

t.ot*., interual avicularium ; lateral aviculanum, above which is seen the 
origin of a rootlet. 

P’ig. '4^1 . — Menipea mavionenBis {.Simon’s Bay, ' Challenger/ B.M. 87.12.9.99). Frontal view: 

cr., cryptocyst; /.ac., normal frontal avicularium; Lav.^ base of an internal 
avicularium, showing the origin of its muscles from the frontal surface. 

Fig. 44 . — Menipea marioneusM (Cape of Good Ho|)e, 'Challenger/ Stat. 142, B.M. 99.7.1.698). 
Basal view, showing tw'o internal avicularia (uat\)f with their mandibles. 

Fig. 46 . — Menipeii vutrioftcnnU (same slide as fig. 43). An old zoo'cium, showing an 
exce-ssive derclopirient of the internal calcareous spines; er., cryptocyst; 

proximal end of the next distal zocecium, connected with the edge of the 
opesia (c.) by a calcareous film ; f.at},, frontal avicularium ; lav.f lateral 
avicularium. 

Fig* ^vVA;/;iTj?rfciki (Lev., MSS.), n. sp. (Marion Id., 'Challenger,' B.M. 

87.12.9.97). You])^ zooscium, with o oral spines. 

Fig. 47 .— kirkpatrivki (same slides Basal view', showing vibraculn, the upper- 
most a.xillury. 

Fig. 48 . — AmoBiufM kirkpairieki (same slide). Frontal view, showing a gigantic frontal 
avicularium and two ovicells. 

Fig. 49 . — Amaztigia rudiz (\*ictoria, B.M. 97.6.1.4(52). Part of a zuoeciuni, with scutum, in 
frontal view. 

Fig. 60 .— nuda (Victoria, B.M. 97.6,1.246). A similar preparation, frontal view. 

Fig. 61 . — Amattigia nuda (same slide as fig. 60). liateral view of two zooecia, with 
frontal avicularia ({Mired}. 

Fig. 62. — Amaff^gia mdiz (same slide as fig. 49). A similar view of two zooecia wdth 
frontal avicularia. 
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Nottjs on Acari, with Descriptions of New Species. Dy J. N. Halbbkt. 
M. 11.1. A. (( omiiinniciitcd by Dr. W. T. Calman, F.R.S., Scc.L.S.) 

(Plates 20 - 22 .) 

[Head lat March^ 

With u few exceptions the Acjiri recorded in the following paper were 
collected in Ireland since the puldication of the (yMaro Island Surv<‘y reports 
seven years ago. The lisst of Acari there recorded (23) was practically a 
cornphite one in so far as the Irish terrestrial forms were then known. A few 
years later an account was given of the species found living in the zones of 
the seu-.shoro affected by the tides (24). At the present time, collections are 
being made witli the intention of preparing a more complete list of our 
Acarid fauna, but iniich remains to be done in this respect. Aloanwhile it 
is desirable to record a certain number of ncAv and interesting forms as a 
contribution to our knowledge of the Acari in those islands. 

The litoraturo dealing with the Acari is very considerable : large numbers 
of species have been de.scrifXHl by fiiuropean workers in recent years, and, as 
very many of these species are untigiired, the difficulties of identitication are 
greatly incr<*aseil. lit the present paper short descriptions only are given, 
ami such figures as seem necessary in a gronj) where the fletails of stnu'ture 
are .so varied and often of so comparative a charaettu*. In all. some sixt} -eight 
species are re^'orded ; sixteen of these, and also a few \arieties, belonging 
to the families (iumusida% (tribatidac and Troinbidiida\ are aj»parently 
undescribed, including these new forms, tiboiu forty species are now 
rtjcorded for the tirst time from the Britannic area. The types of two of the 
new’ .specie^s., in [ja;sio.mns, were collected by Mr. A. D. Michael on the coast 
of (Winvall some years ago, 

I am indebted to a few friends for assivStanee in the collecting of specimens, 
more particularly to iny colleague, Mr. A. W. fc>telfo.x ; the discovery of some 
of the more interesting forms is due to him. I have also to thank 
Dr. A. Berlese for kind help in the identification of some of the species : 
others are recorded on nij- own responsibility. The type-specimens of all 
the now species are in the collection of the Irish National Museum. 

GaMASUS (EoGAMASUS) CRASSITAIISIS, Sp. IlOV. 20. figs. 1 U-C.) 

Male. A large robust species measuring 1600 ft in length ; general 
characters as in the snbgenns JSugamasu.s to which the species belongs. 
Shoulders well marked ; hairs long, those on the second <lorsal .'=‘hielil 
ttumeroos and somewhat adpressed. Sternal region of ventral plate with 
faint scale-liko markings on its anterior half, concave at the centre of the 
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front margin. Genital aperture strongly obitinized, posterior extremities 
pointed^ reaching to middle of second coxse. Episiome with a long central 
spine, and the ends of the lateral spines slope slightly inwards. Maxillary 
plate transverse, with four long hairs. Chelicerse (fig. 1 a) somewhat like 
those of G. oudetnansi, Berl. ; fixed chela armed with two stout teeth, the 
extremities of whi<di are trnncated and minntely dentate, apex of segment 
bilobed; free chela with one strong tooth slightly recurved. 

First, third, and fourth legs long and slender ; third segment of lust pair 
with a sharply-pointed ventral spine. Second legs (fig. 1 b) very stout ; 
femoral calcar of moderate size, curved posteriorly, bluntly pointed ; cap of 
axillary process flattened and produced towards apex of calcar as in G. oude- 
mantit Berl. ; on the outer side of the femur there is a marked chitinous 
prominence (fig. 1 e) with a terminal hair ; genual process well developed, 
cap concave ; process of fifth segment not prominent, its extremity does not 
project beyond tiie ventral outline of the segment. Tarsi strongly swollen 
at the base and again at the apex; a stout conical tooth stands near the 
middle of the inner surface. 

This fine species is evidently allied to Gatruuus magmt, Kramer, and to 
G. oudemansi, Berl. It is however larger, and differs from both in the 
presence of a chitinous projection on the outer side of the second femora ; 
the tarsi and chelicerse are also different. It also resembles the species 
redescribed as JHu^amaBut' lorieatus, Wankel’' by Oudeinans (38, p. 114), 
especially in the form of the tarsi, but differs from this species in the 
armature of the second legs and in other particulars. 

Loealitif, Two males found under a sunken stone at bigh-tide mark in 
company with the local Chel\f«r duUut (Cumb.) at Mount Garrett Wood, near 
Now Ross, Co. Wexford, by Mr. R. J. Phillips, 12th March, 1922. 

GAMA8EU.ua (PaoTOt^APs) GBANU1.ATUS, sp. nov. (PI. 20. figs. 2 a, 6.) 

A very distinct species belonging to the snbgenus ProtoUelaps, Berlese 
(18, p. 137). It is remarkable for the comparatively large size of the ventral 
plates, more especially of those enclosing the intritreme. Verified by 
Dr. Berlese. 

Female. Dolour yellowish brown, shape pyriform. Cuticle very distinctly 
punctate-striate. The two dorsal plates are of equal breadtii, leaving a 
rather wide uncovered lateral margin ; the second plate is undulate in front 
and almost reaches end margin of body. These plates are minntely pono- 
tnred, and there are faint traces of reticulate markings. Hair armature short 
wid stout. Jugular plates absent. Sternum with a bow-shaped fNnt 
margin, rather long, reaching middle of third oox» % end margin tmwMtte. 
Metaeternal plates with a atout hair on outer margins. Genital {date snh* 
quadrate (length 75 /a), anterior half lying betweui laat paiy. of dnss. 
VentriHsnal plate large, twice as broad as long (length 100 ^ breadth JOOia^ 
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front margin flattened, end bluntly pointed and reaching margin of body. 
All of these ventral plates are minutely punctured. Peritreme strongly 
sinuate^ close to the legs on the inner margin of a large plate which 
projects in a broad tongue-shaped process bejond, but does not enclose, the 
last pair of legs. Rod-like endopodial plates lie between the third and 
fourth coxm. 

Epistoine with a long central spine fringed with minute hairs. Maxillary 
plate quadrate ; the small curved lobes are placed on a rsiised central part 
which projects beyond the front margin of the plate. Chelicerai very minute. 
Palps normal. J^egs robiist, of moderate length, clothed with short hairs ; 
ambulacra on all pairs. Length 363 breadth 275 /i. 

Locality^ Apparently a rare species ; found on tw'o occasions, in January 
and November, under stones in the Tolka Valley, near Dublin. 

Gamasellus (Protolnclaps) mucronatos (fy. Pt Can.). 

1/^1. OftmasM muct'onatusj G. et R. Canestrini, 19, p. 1081.— 1882. G. et R. Can., 20, 
p. 52. — 1885. G. Can., 18, p. 78. — 1887. CyrtolmlapB mucronaim^ Rerlese, 1, PW. xliv. 
11 . 6. — 1021. Berlese, 15, p. 8L 

This species may be recognized by its large size, measuring 1200 /l 6 in 
length, and the large stroiigly-chitinized dorsal plates. Tn addition to a 
number of minute hairs, both plates carry two pairs of strong spines feathered 
at their extremities ; one ]>air at the end of the second plate project well 
beyond the posterior margin of the body. The peritreme lies close to the 
cox?e on the inner margin of a large peritrematic plate. The ventro-anal 
plate is large, V*^haped, emarginate in front, its extremities lying close to 
tile genital plate and the posterior margin of the body. 

hacaliftf. Females found in rotting potatoes at Drumcondra. near Dublin, 
in April. The identitication has been verified by Dr. Berlese, who refers 
{in lit.) the species to his subgenus ProtoMaps. The male has not been 
described. 

Gamasellus (pROTOLiELAPs) subnudus ?, Berl. (PL 20. fig. 3.) 

1918, Berlese. 13, p. 188. 

The following is a brief deeeriiHion of a Gamaiellus^ as w'ell as of its 
larva and nymph, which probably belongs to the present species, although 
the identification is given with some reserve. 

Adult female pear-shaped. Epistome with a long sinuate spine, minutely 
spioulate at the base. Dorsal shields of moderate size and uniform breadth, 
distinctly punctate, the punctures lying in transverse rows; margin of 
second shield broken up into small folds, and there is a wedge-shaped fissure 
in the middle of the front margin ; hairs sparse and weak. Epidermis 
strongly gc^anulate. Sternum of moderate size (length 132 /a), hinder 
corners slightly rounded. Endopodial plates veiy*^ strongly developed and 
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produced in sharply-pointed processes between the coxae. Peritreine undu- 
late, and ])rotected by a narrow plate which reaches to the end of the fourth 
coxfv. Ventro-anal shield very small, rotund, broader than long (breadth 
165^), placed on the posterior margin of the l>ody. Legs of moderate 
length, second pair slightly more robust than the iivo hinder pairs. Lengtii 
742 /i, breadth at shoulders 430 /i, and in posterior third of body 512 fi. 

Larva. Shape much as in adult ; close to the end it slopes rapidly to a 
truncated central part of the posterior margin, at each corner ot which 
is a carved hair; immediately behind those on each side are stouter haith 
with slightly clubbed and spicnlato extremities ; the dorsal hairs are wiuk. 
Dorsal shields undeveloped, and the epidermis at end of body is distinetl\ 
oreolated. Logs and palps veiy stout, carrying immerous short hairs; ambu- 
lacra consisting of a single pair of rather narrow leaf-like upper lobes, and 
two long, lauceolate, lower processes. Length 34U/t, breadth (PI. 20. 

fig. X) 

Ntimph. Side margins more parallel than in the adult ; end margin 
truncated, with a small central part projecting below. Dorsnl plates large, 
granular. Side margins of body with short hairs. Epistomc. palps, and 
legs much as in the adult. Length 570 /a, briadth .320 /a. 

Locality. Adult female, larva, and n^itiph found in clecajing turnips, 
North Dublin, in April 1921. 

Macroohkles vagabitnpus ( fieri ,). 

J880. IIolostwpiH VNyobtmdm^ Jiorlest*, 1, Fa*>o. Hi. u. 8. — ltK)2. < 37, pp. 1 J, 
4;J.— 19J8, IJerlese, 13 , p. 172. 

Berleso placed this species iii tbe siibgcnu^ MaevorheleH a/c/V/o, 13) 

of which the typo is Acarns marginatus„ lloriiiaun. Jii the suiiio papei In* 
records varieties of iL myabondos from South Ametica, South Africa, and 
Australia, so that the species is of unusually wide range. It nia\ be known 
by the beautiful sculpturing of the dursnni, winch, as well as being distinctly 
punctured, is ornamented with roticiiiations and branched chiliiums markings 
on the epidermis. The strong, curveil hairs on the margin of the dorsal plate 
bear numerous very short secondary hairs. 

Loi^ality. The only spocimeiis (? , length 1)30 g) found in liclaiul were 

under moist pieces of wood lying on the sea-bank at Malahide, (5o. Dublin, 
in iSoptomber. 

DEKBRoi-iELAps CORNUTU8 {Kramer). 

1886. Seim cormtm, Kramer, 31, p. 2Tf!.^JhndroUBtape bicunm^ Hull, 3S, p. 67. 

This species is well described and figured by Kramer (31),. and is easily 
recognized by the presence of two long chitinous horns near the end of the 
dorsum in the male. In the female (length about 495 p) tlie lK>dy is rather 
long and narrow. The stemnni fills the entire space between the very large 
second coxae, and is gradually widened to its hinder corners/ The genital 
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and rdntro<^anal shields are remarkably long and narrow, of almost equal 
breadth, and the latter reaches to within a short distance of the end margin 
of the body. 

Locality. Both sexes occurred under the moist bark of cut |»ine-logs lying 
on the Royal (lanal hank, close to Dublin, in October 1918. Tlio logs had 
been brought from an inland locality. 

Myonyssus decumanus, Tirabosche. 

A few adult females were found on u Field Mouse (Miis sylveslrU) caught in 
the Rocky Valley, Co. Wicklow, by Dr. R. F. Scharff. On the same host 
were adults of Lwlaps stahulasis^ G. L. Koch, and L. ayilis, C. L. Koch. It 
has been found on the common Brown Rat in England (Hull, 35), and 
W^aterston records its occurrence on the House Mouse in the Shetland Islands. 

Antennophorus uhlmanni, Haller. 

A single specimen was found in a nest of the ant^Lasius mialus, Nyl., near 
Graigueiiamanagh, in Co. Kilkenny, by Mr. A. W. Stcifox. I'his is the only 
Antennoplioruit hitherto found in Ireland ; all the described species, four 
in number, have been recorded from England. 

LaCLAPS (IpHIS) ACI'LEIFKR, Tan. 

1985. Ltelapu aeuleifer^ Caiiestrini, 17 , p. 0. — 1885. Hypoaspi$ aculeifer, Canestrini, 18 , 
p, 84.— 189:^. LeelapB acultifer^ Berlese, 1 , Ease. Jxriii. n. 10. 

Evidently a fairly common s[)ecies. 1 have found the female in numbers 
under bark of decayed trees at Tallaght in Apiil and Greystones in July, 
under pieces of damp wood in the Tolka \rallcy in January, and in decayed 
potatoes at Drurncondra in April. All these localities are in the vicinity of 
Dublin. 

LiELAPS LATISTKHNUS, Sp. nov. (PI. 20. fig. 4.) 

Female. Shape broadly ovate, shoulders not prominent. Dorsal plate very 
large, surface with scale-like markings ; hairs short, becoming longer towards 
end margin, where there are two comparatively long hairs. Sternum very 
wide and strongly produced betw'een the coxae at its anterior and jmsterior 
corners, end margins slightly undulate, hairs rather long. The genital plate 
is also rather large (length about 165 /a), marked with lines as in figure. 
Peritreme compitratively straight, not ftiseil with the pedal plates ; the latter 
are well developed and enclose the fourth coxae ; small obliquely-placed 
inguinal plates lie close to them. Ventro-anal plate small (length 220 /s, 
breadth 176 /i), subovate, flattened at end and reaching margin of body. 

Epistome in the form of a long, sword-shaped, central spine and two strong 
lateral teeth. Maxillary plate rather narrow (77 /a). Palps normal. Legs 
long and robust, first pair of very uniform thickness (length about 506 p ) ; 
the fourth pair (length 550 /i) have slightly curved femora, and the tarsi are 
^elpngate ; there are traces of a dmsion of the terminal part of the tarsus close 
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to the middle. Hair armature short, that of first pair stronger than the 
others. Ambolacra normal. Ijeugth 530/t. 

[joeality. Fonnd nnder stones in the Lnoan Demesne, (’o. Dahlin, February. 

Laslats simplex, sp. nov. (PI. 20. tig. 5.) 

Female. Long oral, shoulders not well marked. Dorsal ]>late straight- 
sided, reaching end of l)ody, with three double rows of weak hairs, two on the 
posterior margin much longer. Efudeimis distinctly striated. Sternum of 
rather uniform breadth, reaching to middle of third coxte ; front margin 
undulate, with slight lateral extensions ; {wsteiior corners pointed ; end margin 
with a small notch at the middle; the three ])airs of hairs are placed close to 
the margin of the shield. Genital plate exceptionally long (length 
and narrow, being more than twice as long as broad, roaeliing well l>oyond 
the last pair of coxae, only slightly widened at the extreinit\, which is some- 
what rounded. Ventro-anal plate small (length 90^ breadth 9,'i/t), widely 
removed from genital plate and placed on the end margin of the body, e\enly 
rounded in front and truncated behind. A pair of small inguinal plates lie 
near the side margins. The inner pedal plates lie between the last {mir ol 
coxae, which are jmrtly enclosed by a chitinous extension of the peritreme. 
Chelioere small, though of robust structure. Ijegs and palps stout and of 
moderate length ; inner side of second palp segment w ith one, and third 
segment with two stout spines. Ijength 150 fi, brea«lth 200/*. 

Loralttij. Taken under rotten wo^ at Glendalough, Go. Wicklow, in 
September. 

liJCLAPb FIMBRTATt 8, «p. nov. .(*’!• 20. fig. 6.) 

Female, l^ong oval. Dorsal plate rather narrow; hairs long, increasing a 
little in length at end of plate. Sternum rather short ; front inargui 1m)w- 
shaped, extending between the cox® ; sides deeply emarginate. Metasternal 
hairs present, hut the plates are indistinct. Genital plate large (length aliout 
150/* along middle lino), elongate, coiibtriuted at the middle; front margin 
produced and elaborately fimbriate, hind margin straight ; anterior juirt of 
plate marked with longitudinal lines. Ventro-auul plate large (length 1 7.1 /*, 
breadth 150/*), hatchet-shaped, the b]autly-])ointe<l end ilirected towards the 
pwterior margin of body; surface with transverse lines ; front margin innch 
wider than genital plate, 'fho outline of the plate of an earlier n^ mphal form 
is indicated in the drawing. Peritreme with a slight regalar curve; there is 
no prot^ng plate, and a weakly-ohitinized post-stigmatic process encloses the 
Iwt pair of cox». Maxillary plate quadrate, comiouli narrow and placed 
close together. Legs long and slender (length of first pair 450/*, of fourth 
pair 550/*). Ambulacra rather long and narrow, but otiierwise of normal 
Strncture. Length 528 /*, breadth 820/*. 

Locality. Pound on spronting potatoes at North Dublin in Maroh of the 
present yemr. 
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CopRiPHis (Alliphis) HALLKRI (6r. et R. Can.), 

1881. OHmmu haUeri, 6. et R. Gimeetriai, 19 , p. 1077.— 1882. Lalnp$ halhri, G. Caii- 
eetrini, 30, p. 57. — 188S-’99. Iphi$ halkri, G. Canestrini, 18, p. 93. — 1892. IjAii 
hdltri, Berleae, 1, Fane. Ixvii. n. 0. 

Loealitif*. Males and females occurred commonly in decayed roots of 
Henbane at (Uontarf, near Dublin, in August 1918, and under bark of cut 
pine-logs on the Royal Canal bank in October 1918. ('anestrini records 
it as occurring in decayed potatoes and amongst rotting leaves in 
December. 

LasiosbU'S (Lasios.) gracilis, sp. nov. (PI. 20 . figs. 7 a-e.) 

Female. Shape ovate, shoulders not marked. Dorsal plate large, almost 
completely covering body, surface with polygonal markings. Hairs long, 
formed of a strong rib and blade, curved and serrulate, those on end margin 
exceptionally so (length 65 /a). Frontal bristles shorter and strongl}’ ])ec- 
tinat(L Sternum of moderate size, corners not produced between the coxse ; 
hinder margin straight, with rounded corners about on a level with end of 
second coxa*. Metasterna small. Genital shield broad po.storiorly and rather 
strongly narrowed towards the front ; lying behind it are two thin chitinous 
liars and two pairs of hairs. Ventro-anal plate of medium size, a little 
broader than long (length 145 /i, breadth 150 /i), flattened in front and 
regularlv rounded behind. Anal aperture placed a little in advance of the 
centre of the plate. Inguinal plates linear, placed near side margins. 
Mu.xillary plate transverse, evenly rounded at base ; corniculi with their 
apices trifid, directed inwards, and there is a strong hair at their liases. 
Chelicera* small ; fixed limb swollen at the base, where tliere arc four shurply- 
IKHnteil teeth placed close together : free chela with an oblique chitinous 
blade and traces of two or three teeth just before the apex. Palps normal. 
liCgs of moderate length, rather .slender, furnished with short, curvi'd hair.s, 
some of which arc minutely spioulate : length of first log about 352 /i, 
of fourth leg 363 /a, not including ambulacra. Length 474 /t, breadth 
310 fi. 

Dr. Oudemans has partially descrilnsd (37, p. 1 7) the protonymph, dcuto- 
nymph, and adult of an Acarid which he calls Seivlu* phomsut, though it 
seems donbtinl if all of the forms are referable to the same species. L. araeiits 
is allied to “ Seiulut plumotiu,’* but the legs are obviously longer and more 
slender, and the hairs of the dorsum are much longer and not so strongly 
blade-shaped as they are in the Dutch specic-s, which was found on a bat 
( Fetpertilia datymeme) and on a Squirrel {Sdurm vulgarit). 

LoeaUiy. Found cm sprouting potatoes at the Albert Model Farm, near 
Dublin, by Mr. J. G. Bbynehart, early in March. 
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Lasioseius (Lasios.) ometes, Oud^m. (PI. 80. figs. 3 a-^.) 

A Latioseiut found under the bark of trees in Irniand seems referable to 
this species. I have to thank Dr. Oudemans for kindly lending me his type* 
specimen for comparison. 

Form as in L. murieatut, (k L. Koch (Berlese,!, Fasc.zli. n. 6). Sternum 
with a wide and deep cleft in the iH)!>terior margin extending to about the 
middle of the plate ; the sides of the cleft are usually irregular in outline. 
Metapodial plates vostiginl. Genital plate of the usual shape, punctured ; 
end margin rather strongly chitinized ; immediately behind it are four small 
linear plates arrangml in a transverse row. Ventro>nnul plate very large, 
with distinct transverse markings ; side margins concave towards aimx ; the 
end margin is somewhat truncated, and reaches th<> posterior margin of the 
body. The poritrerae is normal, and its plate in continuous with the inner 
pedal plate, the extremity of which reaches the third coxm. Tritusternum with 
rather short processes ; its base lies in the central depression of the bow- 
shaped jugular l)ar. Fixed chela with a row of about ten small teeth, and 
there are three teeth on the free chela (fig. 8 c). Legs, palps, and onpitulnm 
much as in L. miirieatmt, 0. L. Koch. Length .IHO ft ; bruadth 

L/tealkiet, Females found under lairk of dwa^ed logs at Tnllaght, and in 
the Carton Demesne, Co. Kildare, in May. — (See note on p. 3!)2.) 

Lasioseius (Lasios.) LiELAFTOiDES {Berl ). 

1887. ^E^nerim Mapfoidft, lierlew, 1, Foie. xl. n. 10, — lOJft. TVileae, 10, p. tW. — 
1021. Ilerlese, 15, p. 82. 

f 

Ijoeality. Female found under damp wood lying on the ground in the 
Tolka Volley, near Fingla", Co. Dublin, in Mar. Not previously recorded 
from Britain. 

JiASiosEios (Bpiseius) olaber, //cW., var. ourtipes, nov. (PI. 80. fig. 9.) 

General structure as in the type-form (B<>rlese, 1, Base. xxx. n. 91; differs 
in the much shorter first pair of legs ; in hi«> description of thesis Berlese 
says : “nntici uxiliores, corpora fere dupio longiorcs," and his aecum|)anying 
figure shows the first legs innch longer than the Imdy. In the present variety 
the first legs are only slightly longer than the body, and the remaining iwirs 
are somewhat stouter. The ambnlacm are of the modified, hristle-like type. 
The genital plate is longer and the ventro-anal plate is broader. TrSgirdh has 
described a variety (minor, Trug., 46, p. 4. ‘12) found in the Sarekgebirge j from 
this the present variety may be known by the more strongly-produced meta- 
podia, and the form of the ventral plates is different. 

Female. Dorsum with scale-like markings, which ore distinct only towanls 
the margins. Hair anuature weak, stronger towards end margin, on which 
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are a number of very short spines. Sternum rather large (length 187 /a, 
breadth 185/1). Jiigulario absent. Motasternul plates extremely small. 
Genital plate longer than broads with a thick hinder margin. Metapodial 
plate much produced^ and ending in a bluntly-pointed extremity reaching 
beyond the front margin of the ventro-aiial plate. The latter is large and 
much broader than long (length 120 /a, breadth 154 /a), front margin trun- 
cated, posterior margin evenly rounded. Inguinal plates inconspicuous. 
Lengtli 429 /a, breadth 252 /a. 

Locality, Two specimens found amongst wet moss collected on Laiiibav 
Island, Oo. Dublin, in July. 

Lasiuseit:s (EI»^sEll^s) sphaoni, sp. nov. (PI. 20. fig. 10.) 

Tin’s species bears a superficial rescnnblance, especially in the form of the 
ventral plates, to L, hrlaytoules, Berl., but, apart from other differimces, it 
may he easily known by the elongate tarsi and modified ambulacra, which are 
of the fjjinseius type, with long terminal bristles, while in L, Maptoiden 
these parts are of the ordinary !j, muricatus type. 

Female, (Vdour light brown, shape broadly ovate. Dorsiil plate very 
large, surface not reticulate, but with indistiiici arcolations on its anterior 
part. Hair armature weak, a row on side margins stronger, and there are 
three pairs of deflexed hairs on tlio en»l margins. Jugular plates absent. 
SteTnum normal (lengtli 11 U/a). Motasternalia distinct. Genital plate 
broad, front margin indistinctly serrulate : lying behind thi.^ plate are four 
small linear plates. Ventro-anal plate large, broader than long (length 
aliout 200 /A, breadth 2fi4 /a), front margin flattened. Sides produced in a 
rounded prominence in front, eiiiargiiiate towards apex, which is somewhat 
truncat'ni and ininutoly punctured. (*anal of peritretne broad, with the 
usual post--stigmjitic continuation, and protected by a narrow outer plate. 
Metapodia strongly chilinized, ending in bluntly- pointed extremities, much as 
in L, dalicuSi Borl. Epistome tricuspid. Maxillary plate quadrate; corniculi 
small and slightly sinuate, and three pairs of long hairs stand near their bases. 
Balp^ normal. Legs long and robust; length of first and fourth pairs about 
equal (5i>2/iA); ambulacra with three terminal bristles and a pair of small 
inembrations lobes. 

Locality. Two specimens found insplmgnnin collected in the Black Valley, 
Uowth, C7o. Dublin, in October. 

Lasiobeiub (Epiafiitis) italicuk, BerL, L. (E.) mighaeli, sp. nov., 
L. (£.) TBNTllPES, Ualbu^ and L. (£.) majiok, sp. nov# 

From a study of the species belonging to the italicus** group of the sub- 
genus Hull, which includes those species of Ladoseiut in which the 

tarsi are elongate and the ambulacra armed with bristles instead of the usual 
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lobes (Hull, 85 ; Halbert, 88, 84), I believe there are at least four closely- 
allied spt'cies in these oonutries. The malo and female of three of these are 
now known to me, and although the general structure is much alike, the 
males possess excellent characters in the form of the mandibular calcar. 
These three species are L, {K.) italieuf, Berl., L. (E,") mirhaelif sp. nov., 
and L. {E.) major, sp. nov. The male of Jj. (E.) Unuipn, Halbt., has not 
been discovered, and until this is found I must rely on the characters of the 
single specimen described (88. p. 78). The females in the case of two of the 
species, i.e. L, {E.) iialietts and L. (E.) mirhaeli, are difficult to 8e)iarate; 
indeed, the one description would suit l>oth species almost equally well. 
Unfortunately the males, as in many Aoarid genera, are decidedly rare ; as 
an instance, 1 may mention that out of a gathering from one locality of alwiit 
one hundred examples of “ttolteus" aggregate three males were found, and 
this only by close searching of moss brought home from a suitable locality. 
The species frequent wot moss, liverworts, Ac., and may be found nmongbt 
submerged mosses growing on stones in mountain-streams, in company with 
mites of the genera CaJmii/a, Panim$, and Aturut. 

The female of L, {E.) italuiu, Berl., is descrilKHl in 4, p. 234, and is 
excellently figured by l)r. Berlese in u later iwper (“ Uediu,” vi. pi. 1 9. fig. 3f) ), 
while the male is briefly described in 10, p. .‘14. Jn view of the groat 
similarity of the females of these 8|)ccies, it will prolmbly be sufficient to give 
a short description of L. (E.) ttaheua, and then briefly tabulate the chief 
characters of the four species. Figures of the male mandibular calcars of 
three species and of the female of L (E.) major, sp. nov., are given in the 
present paper. ' 

Ij. (jB.) itaUnu, Berl. FemaU. Shape pyriform. Dorsal shield large, 
reaching end of body; sides often slightly rounded, surfnc’c reticulate. Hair 
armature weak on centre of dorsum, much stronger and somewhat ad pressed 
at the margins, where they are arranged in a double row. There is a raised 
tubercle near the posterior margin. Epistomeof the tricuspid type. 

Sternum rather large and wide ; both the front and hinder margins are 
slightly concave, and the latter reaches to middle of the third coxm. Genital 
plate hatchot-eliaped ; hinder margin straight, standing well beyond the 
fourth coxa). Ventro-anal plate large, much broader than long (lengUi 210 ^ 
breadth 300 p), flattened in front ; side margins concave near centre, surface 
with irregular losenge-shaped markings. Between the last two plates are 
three pairs of very minute plates arranged in two rows. Peritreme broad 
and strongly sinuate. The united plates of the peritreme and metapodia 
extend beyond tlie last pair of coxm in an obtusely-pointed triangular form. 
liOgs very long, with attenuated tarsi, and the ambulacra have bristle-like 
lateral lobes and a lanceolate upper lobe, [jengtfa altont 640^, breadth 
420 ft. 
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I. A raised tubercle present near end of dorsum in both sexes.* 

A. The extremities of the uietapodial plates slope downwards in an oblique line 
towards the body margins. 

a. Male : Jjsngth 495 fi, breadth 330 fi. Calcar of mandible (PI. 20. tijr. 1 1) lon^, 

consisting of a thickened rib and narrow blade, Hagelliform, carved strongly 
downwards under the maxillary plate, extremity sinuate. Female; Length 
640 breadth 420 fi; body usually broader and more rounded than in the 
following species. Length of first leg 7 1 6 ft, of fourth leg 708 ft. ( Localities : 
Streams at ( ilenculieu, Glencree, Kilmashogue, in the Dublin Mountains ; 
Ueservoir at (Ireystoues, July. Lambay Island, July, Ac.) 

La»ioieiu8 (EpMPtuB) italiem, Berl. 

b. Male : length 495 ft, breadth 380 ft. Calcar of mandible (fig. 12) long (length 

about 210 ft, not including base of mandible), almost straight except at the 
apex, where it is defiexed. Length of first leg 470 ft, length of fourth leg 
014ft. Female: Length of type 640 ft, br*»tlth 390 /t; length of first leg 
692 /t; length of fourth leg 768ft. (Locality: Mill Bay, Lands End, 
England ; taken by Mr. A. D. Michael in November 1892.) 

Lasioseiut {EpUeim) miuhaeHj sp. nov. 


11 . 


B. Extremities of luetapodial plates truncated, lying in a straight line across the 
Venter. Male unknown. Female described in 23, p. 78. Length about 
740 ft, breadth 486 ft. Length of first leg 742 g, of fourth leg 820 /t, 
including ambulacra. (IxusaliU : Moautain-streatn near tllenci-ee, May.) 

LasioJteius {Episehts) tenuipesj Halbt. 

No tubercle at end of dorsum. 

Male: Length 520ft, breadth 374ft. Calcar of mandible (fig. 1 36) short (length 
about 70 ft, not including base of mandible), straight, or slightly cuned ; apex 
deflexed. Female (fig. IS/r), length 740ft, breadth 486ft. Body broadly pyri- 
for, posterior margin somewhat flattened. Voutro-anal plate large (length 
220 fi, breadth 806 /t), distinctly reticulate. Length of first leg 820 g, of fourth 
leg 8fK) fi, (Localities ; Streams at Kilmashogue ( cf & 2 , December) and Glen- 
culleii ( 9 $ , October), Mill Bay, I.>and s End, England ( cf A 9 , November, 
coll. A. D. Michael).) Zostosetus [Episeiw) ma/ot\ sp. nov. 


Lasioseius (Platysrius) aubglabbr (Oudem,). (PL 20. fig. 14.) 

1906. JBppwtMptB mbplahra, Oudemaiis, 36 , p. 88. 

A very di»iiiic!t> species, evidently referable to the subgenos Platpsehs^ 
Berlese (10, p. 42). Ohariicierlstic features are,tlie broad pyriform shape and 
the very long hairs fringing the side margins of the dorsal shield. These 
hairs are arranged in an irregular doable row and are incurved ; on the end 
margin are two shorter, straight hairs. Length 560-600 /*, breadth 430 ft. 
Length of first leg 666 /a, of fcmrtli leg 717 ft. 


* The male of X, (E,) tenuipBi is unknown. • In a recent paper on Swiss Acari, 
Dr, Sehweiser described and figured what he considers is the male of JS?. tenuipes, Halbt. 
( 61 , p. 48). 1 was struck by the similarity of the male calcar there figured with that of 
Z. {E,} nugfbr now deacriM^ Dr. Bchw^xer very kindly sent me some mounted specimeus 
( 9 2 ) exAmitiation (locality, Qnellen am Kellersee, 4. iv. 1819) and they are undoubtedly 
rs&iaUe to this spemes. The male calchr figured (PI. 21. fig. 18) agrees weii with that of 
my type cf Z. (JB.) 
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The male of this species has not been described. The general structure 
resembles the males of Kpi»eivs. Dorsum as in the female. Free chela 
(tig. 14) armed with a long process resembling that of L. (JS.) itaUeiu, Berl., 
but shorter and less curved, each chela with one strong tooth, in front of the 
tooth on the fixed chela is a row of very small teeth. Length of male 484 n, 
breadth 352 /t. 

On account of the ap^tarent difierenee in the length of the dorsal hairs in 
the Irish specimens when compared with the pnblished figures (86, Taf. C. 
fig. 45), I sent drawings to Dr. Ondemans, who informs me that they un- 
doubtedly repres<‘nt L. (P.) tubplaher. The dorsum of this s|)ecies is 
frequently coated with fragments of debris which are entangled between the 
long inwardly-curved marginal hairs, reminding one of what occurs in the 
Oribatid genus Dammu. 

Lontlkm. In sphagnum pools at Lough Atorick, Co. Clare, June, and 
also at Lough Dan, August. Both sexes occurred amongst wet moss 
collected on the bank of a stream at Glenoullen in the Dublin Mountains, 
in October, and at Droghoda in August. 

Lasiossius (Lriosbius) HINIITUS (//rti/rf.). 

1918. Seiulut minutiu, Halbert, 23, p. 76. — 1B18. ZerconufMu minutu*, ilu)l. 23, p. 60. 

—1920. Lanotenn rninutu*, tierlese, 14. p. 171. 

Hull has placed tlxe present species in a new geiins Xerconopm, of whi«‘h 
the type is Kramer’s “ (ramamt remiger.” Borlese, however, had already 
referred this species to his subgenus Zercomns (10, p. .’13 ) with S. npathu- 
liger, Leon., as the type. On re-examining the Irish specimens of L. mhuituf, 
it seems to me they fall leadily into Dr. Bcrlese’s subgenus Lelumuf, briefly 
diagnosed by him as follows : — “ Ex gen. lAuioteiut. Pedes bro\eR et robiisti. 
Truncus elongatus, lateralibus subpamlleluh. Typiis L. L. viiuumiUit, Berl." 
An estuarine sjiecies (L. nalinut, Hulbt.) of this siibgenus occurs on the 
Dublin coast ( 84 , p. 125). 

LocaUiiei. Amongst sphagnum oollectetl on Croagbmore Mountain, Clare 
Island, Co. Mayo, and nnder rotten wood lying on the ground in tho Carton 
Demesne, Co. Kildare, May. The male is unknown. 

Sraus tooATOs, r. L. Koch. 

Until reoently (1910) acarologists referred 8|>ecie8 of very different facies 
to Koch’s genus Heiut. Many new genera and subgenera have now been 
established^ by Dr. Berlese, so that a great advance Ims been made. As 
S, togatut is the first species of the genus described by Koch it remains as 
the type. It is also a very isolated form with hut few congeners; three have 
been described from Europe (see Berlese, 11, p. 150). 

Loeality. A single specimen found by Mr. Norman Stephens under the 
moist bark of a pine-stump at the entrance to The DeviTs Olen, Co. Wicklow, 
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in Ma 3 ^ The species has been recorded from Scandinavia (Trag&rdh), 
Germany (Koch), Switzerland (Schweizer), and the North of England (Hull). 

Zeroon tragardhx, sp. nov. (PI. 21 . figs. 15 a, 6.) 

Female. Colour pale brown. Shape broad ovate. Side margins 
strongly serrated, and the end margin is crenulate much as in Z, irigonus^ Berl. 
First dorsal shield sculptured with scale-like markings, second shield with 
areolations and four crescentic por4>-like markings as in Z. triai^gularisy Koch ; 
both shields have a double row of irregularly-shaped pits. The hair arma- 
ture is characteristic; on the side margins there are ten pairs, not including 
the frontal spines, of strongly plumose hairs (fig. 15&). The dorsal surface 
also carries a number of spines which are less strongly plumose than those of 
the margins; short spines spring from the marginal serrations. Sternum and 
genital plate of normal shape and rather weakly chitinized. Ventro-anal 
plate large, elli[)tical, though somewhat flattened on the front m.-irgin, with 
a few plain hairs. Legs robust and armed with plain spines, those on the 
middle segments of the first pair are somewhat stronger and are curried on 
distinct tubercles. Length 340 breadth 250 /a. 

This species is allietl to Z. ortiatus, Berl. (3) ; the body is relatively 
narrower, and the sides less strongly rounded, the margins are more dis- 
tinctly serrated and carry fewer plumose spines. The last-mentioned 
character also separates it from Z. radialus, Berl. (7, p. 5^), in which the 
spines are more numerous. 

Locality. Female found at roots of decayed Henbane plants in August. 

ZfiltOON PEKFOKATULl'S, Berl. 

1904. Berloae, 3, p. 2A9.— 1914. Berlese, 9 , p. ISO. 

Originally described as a variety of Z. iriangulnns^ V. L. Koch, and later 
raised to specific rank. Easily distinguished by the marking of the dorsal 
shields. In Z. triangularis these l)ear scale-like markings, while in the 
present specie.^ tht‘ inurkiugs are largely replaced, more especially on the 
second shield, by distinct puncturas, and the hair armature also is weaker. 

Localities. Glendalough, do. Wicklow, found under chi[>s of wood lying 
on the ground, April ; Knappagh Wood, t^o. Mayo, in moss, August, in 
company with Z. trUrngulaiis in both localities. 

Ceuatozebcon bicobnis {Can. et Fanzago). (PI. 21 . fig. 16.) 

1877. Seius bieomis, Canestrini et Fmissgo, 21, p. 103.— 1861. Ganuuus bicomis. 
Eramer, 29 , p. 14. — 1882. Lmlaps hmrms^ G. et R. OaDestrini, 20, p. 78. — 1885> 
H^jus ftisomis, Canestrini, 18 , p. 91.— 1887. Zercon, hicomisj Berlese, 1, Fasc. xli. u. 8. 
—1910. Berlese, 7, p. 348. 

This B{)eoLes has been described and figured as having only one plumose 
spine on the two chitinons horns of the posterior margin. Instead of this, in 

27* 
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Ihs Irish specimen (length ^{42/t, breadth 220(a), there are two plain spines 
(fig. 16), the outer one being » little longer than the other. It is possible, 
however, that the specimon may be immature. Cunestrini remarks : “ le quali 
portano all’ upioe, nolle forme giovani, einscuna due setolo, nolle pin avonzate 
di etk ciascuna nna setola robusta diretta in dieiro e in dentro’* (20). 

Locality. One female found under a stone on the Malahide sandhills in 
August. 

FOLTASPIKOb OYtJUDEICliS, Bert. (PI. 21. fig. 17.) 

1910. fierlese, U, p. 134.-19} 7 lleilese, 26, p. 10. 

This interesting genus was founded to re<‘eive the present species, and 
belongs to the tribe Polyaspidini of Berleso^s recent classification of the family 
Uropodidm (16). The species may be recognized by the elongate sub- 
parallel shape ; the central area of the dorsum is protected by a long, narrow 
shield, smootlt at the centre, roughened at the sides ; at the end of this uro 
three small shields, of which the middle one is the least, arranged in a trans- 
verse row. The marginal shields are represented by a row of small hair- 
bearing plates, and on the actual bodji margiit are nuineious similar plates. 
The venter is protiK'ted by strongly-chitini/ed and fused plate^: their inargii s 
are indicated by thickened ridges. Pttitrenie placed on the side margins of 
the body. Hairs simple and blade-shaped. Legs robutit, claws of the fir^t 
pair much redneed. Length nlmut 670 /a, breadth 300 ya. The male is 
unknown. Identification verified by Dr. ileilese. 

Locality. Several females found under logs of wiood h.df buried in the 
mossy banks of the stream between Ulendalough and Laragh, in April. 

Trachytes HYRiroRMib {Kramer). 

1870 Trarhvmtiu p^rifamiu, Kmuer. 28 , p 80—1877 ('aiiestnni et Fan/ogn, 21, 
p. 08.— 1882. Kramer, 30, p. 420. - 1802. Trarhynotut ttyroUi \Hr. fiyitforna*, 
Berleee, 1 (Mesnstig. tiupp. p. 94)— 1801 Mii Intel, 33, p. .‘113 1910 B(>rlc«4>, 9, 

p. l.*)4. 

The above are the principal records <indoubtc(]|y referring to Kramer’s 
species, which was desoribod in 1876. There has been ooniui.ion between 
this sjiecies and the form descrilied as T. a>/7‘ota by Koch, and If the latter 
were clearly recognizable it would be the tjpe of the genns Traehtftet. 
There is doubt, howoter, ooneeraiiig tbo identity of Kocli’s T. mjrota, a 
8(iecies supposed to be the same was described and figured by Dr. Berlese (1, 
Fasc. xRXviii. n. 10), but he has since suppressed this, stating that it may 
have been identical with either of his two recently described species, 
7'. lambda or T. iuUfer (9, p. 135). It would then follow that 7*. pyrifwmU^ 
Kramer, is the type of the genua Trachytes. Fortunately this g|>ecies wss 
oarefolly described and figured by Kramer (28;. Mr. A. D. has 

recorded both 7\ uegrata, Koch, and T. pyri/armis, Kramer, from JBlaglish 
looaliiies, bnt be did not describe the first-mentioned fonn. 
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Locality. Several females were found under branches and pieces of wood 
lying on the river bank at Glendalough in April. 

Tbaohytes pi, Berl.^ var. paupbuior, Jierl. 

1915. Berlese, 9, p. 155. 

Differs from the typical form (7) in its paler colour^ smaller size, and in 
the form of the opigynum which is more elongate and punctured. The 
length of the Irish .s[)eciiiuMi is 484 /a, breadth 2H6 fi. Evidently closely 
allied to T, minima, Triig. (44, p. 448), but in the present form the anterior 
part of the bo<iy is much more elongate and the shoulders are less markod. 

Locality. A single female found under decayed wood at Poulanass, 
Glendalough, in April. 

UrOSEIUS ACUMINATCS, C. L. Koch. 

Locality. A few specimens were found in company with numbers of Cropoda 
obscura^ CJ. L. Koch, in decaying potatoes, Rocky Valley, Co. Wicklow, 
Heptember 1921. The species has been recorded from Italy, Switzerland, 
Germany, and Great Britain. Hull queries the “ Cilliha vegetans’'^ of (26) 
as the present species, but the nymph recorded as sucli can have no rela* 
tioQship with Uroseius. 'Fhe .adult form of the CilHba vegeiam^' of authors 
has not lieen made known. 

DiNYCHOB (PrODINYCHOS) CARlKATrS, Berl. 

1905. Ueriese, 3, p. 247. 

This species is briefly described in the above reference, and it is not 
figured ; Dr. Berleso, who has kiiuily verified the identification, refers the 
species (tn /ic) to his subgenus Prodinyehus. The size is rather small for 
this genus (length of Irish specimens 622 /u., breadth 333 /a) ; shape of main 
body a regular oval, anterior part rather acutely pointed. In the middle 
line of the body there are two carinie, and between these and the slightly 
raised lateral margins the dorsum concave. 

Locality. 1 have found this distinct specries in two localities in Co. Dublin, 
once in decayed bulbs in January, and under bark of old moss-grown tree 
trunks at Lucan in April. 

PHArLOCYLUBA VIRQATA {Hull), 

1918. C^t^oao virgaia, Hull, 35, p. 44. 

The original description is as follows:— ‘‘Sub-circular, smooth, claret brown. 
Dorsal shield divided by a very shallow median furrow forked behind the 
middle and carved backwards on each side to the margin, leaving a transverse 
part behind which bears a pair of ckvo-pectinate setae. Two similar seise 
stand in a line with tbe^ on the lateral margin* Epigyne oval, rounded at 
both endS) apiculate in front Ventral shield reticulate.’’ 



378 


MB. J. M. BALBBBT : NOTEfi OK AOABI, 


This species sbonld certainly be referred to the g^tma J^hauloei/lliba, Berlese. 
Apart from other differences it may 1)6 easily known from Cylliba by the 
absence of the marginal plates, a feature not referred to in the original 
description. The epigastric region of the venter is rather indistinctly defined 
and includes the anal foramen, so that the original figure (36, pi. 1 . fig. 4) 
is inaccurate in this respect. The Tiish specimens measure 970 /a in length. 

Loi'ality, A few specimens found at roots of decayed llenl)ane plants at 
Clontarf, Co. Dublin, in August. 

TbAOHTUBOPODA (DiKTCrBA) OURDIEBI, Herl. 

1916. Berlese, 21, p. 146. 

A si)ecies referred by Dr. Berlese to the subgenns Vini/eura, of which it 
is api)arently the type. A characteristic feature is the double row of small 
pUigerous plates lying between the extremities ol the marginal shields at the 
end of the body, much as in the geuus J>Uco/>oma except that there is but one 
row in this genus. These small plates vary greatly in niunlier (10 to 22) in 
T, eordieri due to a few of them fusing with one another, or with the 
extremity of the marginal shields. The ventral line is thickly chitinized 
and divides the epigastric region into two parts, nhieh Heat different planes. 
The female resembles the male in general structure; the epigyne is large 
and of the usual arch-like form, its ventral surface is strongly punctured and 
is produced anteriorly in a long chitinous process which ends in tuo or three 
points. Length of female 563 /t, breadth 357 /a. Identification verified by 
Dr. Berlese. 

The ni/mpha heteromorpha nteasures neiirly 550 by ; on the ventral 
side the area surrounding the acetabnla is distinctly reticulate. The ventro- 
anal plate is of moderate size (length 70 /a, breadth 165^) ; it i.s supported 
by a thick transverse bar which also forms the inetujiodial line. 

Locality. The male, female, and nymph were not uncommon under damp 
wood lying on the Malahide sandhills, Oo. Dublin, in Heptember. 

Traohyuropoda tboouloioes, Can. rt Fanzayo, var. obltica, Ualbt. 
(PI. 21. fig. 18.) 

1907. TVocAyMroipcMfa (vMca, Halbert, 2S, p. 67. 

Described as a new species in the above reference, but more accurately 
placed as a variety of the present species, a dtHiision in which Dr. Berlese 
agrees (in fit.). This variety differs from the typical form as described and 
figured by Italian acarologists(l, 6, 91) in its smaller size (length of female 
820 /a, breadth 486/*; length of male 742^, breadth 436 /a). The form 
is more parallel-sided, and the raised central part of the dorsnm is of more 
uniform breadth thronghont, while in the typical form its terminal part is 
much wider than the rest. The scnlptnring of the ventral snrface is also 
somewhat different (figured in 88). 
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Loealities. Both sexes occurred in nests of the ant Lasius niger under 
stones at Tallaght, Co. Dublin, and it was also found in company with Lanus 
JlaiMs on Lambay Island off the cx>ast of Dublin. Mr. A. D. Michael found 
it with ants at Landes End, Cornwall (S3), and Mr. H. St. J. K. Donisthorpe 
records it from other English localities associated with Lasius niger and 
T. casspUum (Entomologist's Hecord, 1909 and 1920). 

ClLLfBANO PINYCHOIDES, Hull. 

1918. Hull, 2S, p. 4£. 

A male Cillibano found in company with Phaulorylliha virgata (Hull) is 
probably to be referred to the present species. The Irish specimen agrees 
with the description except in the itieasurements (length about 717 fjk). The 
lenj^ih of the English specimen is given as 655 /a. 

The short d^.^cription is as follows: — ‘‘ Sub-circular, smooth, shining reddish 
brown, uniformly convex. Leg grooves exceedingly faint. Male genital 
aperture between coxtc iv. rather large (width 85/*). Femur ii. with a stout 
conicHl acute spine underneath. A clavate seta on each side of the anus, 
projecting beyond the posterior margin.’^ 

As is usual in this genus the marginal plates are entire, and in the present 
species they are separated from the dorsal plate by a very thin line running 
parallel to the margin in the posterior two-thirds of the body. The ineta- 
podial line corves inwards from the body margins to a point a little behind 
the insertions of the last pair of legs, and it is widely interrupted in the 
middle line of the l>ody. The female is unknown. 

Locality, One male found at roots of decayed Henbane at (Montarf, 
Co. Dublin, August. 

Labidostomma luteum, Kramer. 

The species recorded in .the Clare Island Survey Report (23) as L. cornuta^ 
Can. et Fanzago, is in reality A. luteum^ Kramer. The former is a much larger 
species and diders also in certain derails of structure ; it has not been found 
in Ireland. 

L. luteum is probably not uncommon in suitable localities in this country ; 
in the Aehill and Westport districts of Mayo it occurs under bark and 
amongst mosses growing on trees* In the Dublin and Wicklow district I 
have found it in pine woods. 

pBYLLOTEGKtrs PALMioiKCTUH {Michael). 

1888.. Leioeofna pahudHcium, Michael, 32, p. 280. -*-1898. Liaearm palviicinetum^ 
Michael, p. 43.— 1918. Berlese, % p. 93. 

LoeaUtg. Apparently a rare species in Ireland, two specimens were found 
under stones at Doo Lough, near Muckross, Co. Kerry, in May. It is 
recorded by Michael as occurring on the lichen Peliigera at Land's End, 
Cornwall ; so £ar as 1 call ascertain this Acarid has been found only in 
Britain. 
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Oakabodbb AFFims, Berl, 

1013. Berlaae, 8 , p. 73. 

Closely allied to <?. marffinatm, Michael, hut may be known by the olavate 
abdominal hairs. Dr. Berleso a.si*nre.>« me the Irish H{«ecimens are referable 
to this species, which he records as occurring tinder bark at Florence. The 
psendostiginatie organ has a curved upiurned stem and a Homea hut flattened 
club. Tlie lamella' are broad, flat and granulate, and there appears to be a 
slightly raised ridge in the middle line of the cephalothomx. Interlaiuellar 
hairs stout and plumose at their extremities. The hairs of the dorsum os 
well as the marginal hairs are clavate, and their extremities are distinctly 
plumose. 

Locality, Common amongst moss and lichens on the Portinarnock 
sandhills, Co. Dublin, in January, The Carahodes reoordoil as C. martjinatus, 
Michael in (39) is the present species. 

ObIBATULA (HBMILBIUs) PLANT1VA6A, Itcrl. 

1393. Oribatuto Berleae, 1, Fa»c. Ixiv. n. 1. — 18!>6. Oribatula Berlese, 

1, Faoc. Isxvii n, 6 (reference in footnote). — 1010. lierlcM', 12, p. 823 iltedeacribod). 

Loealitiet, Found near Muiranny, Co. Mato, in Septeinl)er, and at Lucan 
near Dublin in company with f>. Monga ami other species in February. 
Hull records it as occurring on rock lichens, Pkysciit, en the coast at Whitley 
Bay. 

Daheoboha macxjlosa, HartMi-tow and Pearce. (PI. 21. fig. 2t>.) 

1906. Warhuiton and Pearce, 49 , p. 667. 

A Jtameosoma found under bark in the Tolka Valley near Dublin (January ) 
is apparently referable to this species. As it seemed not quite typical 1 sent 
drawings to Mr. Warburtou, who has kindly verified the identification. The 
species is remarkable for the long, pointed cephalothorax, also the long 
lamellte and the s])otted dorsum, though, as the describt>rs remark, these spots 
are in the epiostracnm and are very easily rubbeil oflF. This is so in the Irish 
specimen, in which they remain only near the margins. The {weudostigmatic 
organs are bent Imckwards, and carry on the anterior surface at least four 
distinct branches (PI. 21. fig. 19 f>); anterior margin of alidomen truncated. 
Length 418 /u>. 

Daxbosoma xikuh, Pao/t, vur. lambljuata, nov. (PI. 21. figs. 19 a, h.) 
1906. Paoli, 38, p. 4a 

The form briofiy described bare must, 1 think, be identified as a variety of 
the present species. It differa from the type in the larger siae and in the 
presence of well>defincd lameliss on the oe{)halot borax ; in 1). miHvt ^eee are 
rodiineutary. 

Cephalothorax rather long and with sharply pointed exttemity ; Utme tlw 
present in the form of two strongly curvbd ridges reaching from beyond tliB 
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middle to the pseudostigmata. The latter are circular and strongly chitinized. 
Sensory organs with a stout slightly curved stem ami a large club-shaped 
extremity wliich is minutely spiculate. Abdomen elongate^ pointed at both 
extremities, hairs very wea\c. Epimera well defined. Legs normal, inono- 
dactyle. Length 240 breadth 110 /a. 

Locality. Found under dead wood at Poulanass, (ilendalougli, ( Jo. Wicklow, 
in March. The typical form is widely distributed, occurring in Italy and 
near Washington, IT.S.A. (40). 

CYMBiBKEM^fiUS MONILIPKS {Miduiel). 

1888. Notaitpie monilipM, Michael, 32, p. 381. — 1898. Berlese, 1, CrypUistig. ii. p. 37. 

Locality. CTlendalough, Oo. Wicklow, in decayed tree-trunk.s, March. 

Hkrmanniella granulata (Nicolet). 

Hetifiannia granulata t Nicolet, 35, p. 489. 

In his well-known work on French Oribatids, Nicolct dc^cT^l}ed and figured 
two .species of Hermannia^ i. e., //. granulata and Jt. arreeta (which he believed 
were distinct), differing from each other in the form of the cephalothorax. 
As Far as I am aware the distinctness or otherwise of these species has not 
been settled. It seems likely, however, that Nicolet^s specimens, which were 
found in the same localities, represent but a single species, and that the 
supftosod differences in the form of the cephalothorax may be more apparent 
than real. There is a tendency among acarologist.s to record JL granulata 
in preference to H. arrecia^ it is also the first mentioned of the two species 
in Nicolet’'s monograph, so I think it is better to refer the Irish specimens 
here until the question has been decided. 

Localities. Adults and nymphs were found in some numbers in a decayed 
birch log at Glendalough in April, and it has also occurred in moss collected 
at Howtfa, Oo. Uabiin, in June. 

Tarbonbmus laticbps, sp, nov. (PI. 21. figs. 21 a-c.) 

A species allied to T. culmicolusy which is recorded by Heuter (41) as 
causing injury to meadow grasses in Finland. Differs in the form of tiie 
body, the broader oapitulum, and in other details. 

Female. Form rather short and broad (length 19a/i-210/A, breadth 110 fi) ; 
in ovigeroQS females the body is more elongate, becoming long oval (length 
215/*), the enclosed egg measuring about 115/i. Side margins snb-psirallel, 
£ront margin truncated and half covering the head, end margin rounded. 
Division between the cephalothorax and abdomen aud the one at the middle 
df the latter distinct, but the segments at end of the abdomen are ill-defined. 
Hair armature very short except for the usual long pair close to the sidc^s of 
the oephalotliorax, aiid a shorter pair at the angles of the front margin. The 
iensory organs (FL 21. fig. 21 a) arising from small cinoulat stigmata, are large, 
they may be either glohalar^ dr ledE4ike with pointed extremities, and both 
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forms may be present in the same individnaL The oapitulnm is very large 
and wide in relation to the length (breadth about 40 /a), truncated in front 
and obtusely round at the end margin. Epiiiiera of the first pair of legs 
strongly defined. The first two pairs of legs are short and stout ; the long 
terminal hair of the end pair is strongly recuived. 

Mah (PI. 21. fig. 2] b). Form of the main body much as in female (longtli 
180 /lb-215 fif breadth 85 /s-100 /a). The capitulum is less transverse (breadth 
35 /a), and the hair armature is stronger, there are two paiis of long hairs on 
the coplialothorax. Legs short and stout ; fourth pair (PI. 21. fig. 21c) shaped 
much as in 2\ florieolns, being without blades ; second segment straight^ 
inner margin slightly sinuate at the extremity ; tao hairs aie present. 
Third segment armed with a long spine-like hair, and at the base is another 
shorter hair. As in T, breripes the front margins of the tliiid and fourth 
epimera are ill-defined. 

The male larva is as long as the adult (length 215 /i), due to the large size 
of the post-abdominal part. Epidermis distinctly striated. Legs stout and 
ot very uniform size. The terminal )mrt of the abdomen is strongly 
constricted and is narrower (breadth about HOp) than the main lK>dy, and 
there are two stout outwardly curved bairn <it the apex. 

The eggs of this species are large (length 125/i-ld5 /i, breadth 65 /zj, they 
are of a regular long oval form and the surface is marked with numerous 
light-rcfracting punctures. 

Locality, Found in numbers in partly decayed Narcissus bulh« in (/ounty 
Dublin, January. The place of origin of the bull)S is uncertain. 

At least three other species (\f Tarsonemuc have been found in 1 rebind. ( >ne 
of these, noticed injuring oats at Kiliyardeii, Donegal, in August last, is 
possibly referable to T. iinri/e.r^ Marchal, the female agreeing well >vith 
KorfTs figure ot this species which is reproduced by Serauer (liandbtich der 
Pflanzeii-Krankheiien, iii. p. 102). The male of 2\ spirifejt ha.s the fourth 
pair of legs peculiarly modified, and until this sex is found this identification 
must remain somewhat doubtful. 

The form of this female U u regular long oval (length 2.35 /s, breadth llO/i). 
The capitaluni is rather broad (breadth 35 /i), but le.s«^ so than in T, laticepc. 
The sensory organs are very distinctly leaf-sba{)ed with sharply pointed 
extremities. The first two pairs of legs are short and stout. 

This species was communicated by Dr. G. H. Pothybridge, who tells me it 
attacks oats in much the same way as T, eulmicoluc, Eteuter, attacks meadow 
grasses in Finland. Beuter says the mites are found on the haulm, presum- 
ably aithiu the leaf-sheath within the first node ; they suck out the juices so 
that the inflorescence wilts and dies. 

Females of 2\ floricolus were found on gooseberry plants at LisburUi Oo. 
Antrim, in July. 

Colonel Samman tells me he finds Acarapie tooodi, Hirst, commonly in the 
irochese of Irish honey-bees. 
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Bimichaelia CRASSiPALPis^ sp. nov. (PL 21. figs. 22 a, L) 

Allied to JS, seiif/em, Berlese (4, p. 13), but larger, the palps are stouter, 
the shoulders less prominent, and the structure of the skin, which is 
elaborately sculptured, is different. 

Colour white. Form sul)-peiitagonal (PL 21. fig. 22 a), sbcmlders prominent 
but less so than in H. setiffera. Epidermis striated and marked with a distinct 
hexagonal pattern, the hexagons Eoriniug rosette groups round tlie body hairs, 
the latter are sparse and are branched at the base (fig. 22 6). Cephalothorax 
not well marked off from the abdomen ; a narrow area enclosed by chitinous 
rods lies in the middle line, and two long sensory hairs are placed at its 
proximal extremity; behind these hairs are two semicircular stigmata, lean 
find DO trace, however, of the small, clubl>ed, sensory organs which arise from 
these in other species of the genus (in a second specimen from another 
locality they are also absent) ; it is likely, however, that such organs may be 
sometimes present in the species. Alxlomen thrown into folds and constricted 
at the middle, apex somewhat truncate. Palps stout. Legs short and very 
robust, distinctly areolated, hairs similar to those of the Ijody. Length 320 /a, 
breadth 240 /i. 

Lffcalities. Found in sphagnutii moss collected by Mr. A. W. Stelfox on the 
Garroii Plateau, Vo* Antrim, in July. It has also occurred in damp moss 
from Glcncullen, Co. Dublin, in April of the present year. 

Aucus KOSTRATUS, Trog* 

An Alieui found in two highland localities in Ireland agrees excellently 
with the present species, which is recorded from the Sarekgebirge (Swedish 
Lappland), except that the rostrum seems shorter than is described and 
figured (46). Drawings were sent to Dr. Trag&rdb, and be believes there is 
a difference in this respect. However, they agree in so many characters that 
it does not seem desirable to describe the Irish specimens under a new name. 

The colour during life is a reddish purple. Length 460 /a, breadth 270 fu 
Dephaloihorax with a distinct rostrum, and well marked off from the abdo-* 
men, central area defined by two subcutaneous chitinous ridges, the hinder 
part of which is areolated at the middle, and encloses the usual two pairs of 
long sensory hairs. Eyes small but distinct, placed on the front of lateral 
swellings. Abdomen with moderately marked shoulders and a sparse 
covering of short, spiculate hairs; during life the dorsum lies in distinct 
folds. Legs longer and more slender than is usual in this genus. 

LocaliUet* Found in moss collected on the Comeragh Mountains, Co. 
Waterford, in July ; and in spfaagnnm from Glendhu, Co. Dublin, in 
October. 

SoTRUs nrERXie, 7Vdp. (PL 21. figs. 23 a, b.) 

.l!bis species was described from specimens found on the surface of a small 
reservoir (Wassersammlung) at Gieeb, Cairo, in December 1900 (45). 
There can scarcely be any doubt that the specimeus here recorded are the 
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same species. The palpi, which arc charaoteristio in the species of this 
genns, are identical with those of S. tnermis, Tr&g. Dr. Tr%g4rdh, to whom 
drawings were sent, ugreea with me in this identification. The following is 
a brief description of the Irish form : — (.’olour red (length 490 /t). Body of 
the usual subrhoniboidal form, shonlHors prominent, the body margins 
gradually narrowing to the posierior margin where tiierc are thret* Miiall 
lobes. Epidermis minutely lined. .Maxillary plate longer than broad ; 
mandible long (length about 28ti^), evtiemitios reaching to near the end ol 
the second palp segment. Palps (PI. 21. fig 23 b) long and slender, apparently 
four-segmented, second and third segments armed at their ventral extremity 
with a strong spatulale hair. Legs long and of very uniform thickness so 
that the tarsi are truncated at the ends, where they are armed with two fiat 
lobes and small claws, liength of the fiist pair 510 /t, of tlie fonrth 530/1. 

Locality. Found amongst dripping wet moss and lixerworts (f onmejtkahi 
eonicus) at the overflow of a small reservoir at Greystones, Go. Wicklow, 
July 1920, with such sperdes as Nt4asj>t» lartutrU, Oribata lucatti, 
Epueitu itaUeui, and others. 

NbOPHX LtOBK 8 MAXAIlUb, sp. nov. 1*1. 21. figs. 24 a, b.) 

Colour as in JV. ehgant, Berl. Form oval, cephalothoiaa not well marked 
off fiom abdomen. Eyua doable lensed. There in a double row of six strong 
hairs, placed rather close togetiicr, down the middle of the bodi, and a ion 
of eight similar hairs along each outer margin ; all of these hairs aie spicu- 
late, rather strongly curved and arise from small tubercles. Kpiuierii large, 
inner margins indistinct, with from two to three hairs which are much 
weaker than those ot the doisuni. Genital area tapering to a point .uid 
enclosing a small anal plate with four marginal hairs, llostrum iriiiiigulnr, 
ending in a single lolie. Palps very short and stout, second seginent longer 
than the two end segments together, with two dorsal spines, one spiculate 
and stronger than the other ; third segment with one dorsal spine ; fourth 
segment ending in two cuived spines, and carrying an iip]iendage whitdi is 
contracted at the apex and has threi* spines. 

Legs much as in JV. elegatu, Berlesc ; there is a long spiculate hair on the 
third seginent of each log, that of the lust pair bent at the end, hmgth about 
264 /t (fig. 24 h). Tlie legs measure about 396 /*, 330 /i, 363 /», and 420 /t in 
length. 

A species allied to N. elegant, Berlexe (1, Fasc. xxxiv. n. 5), but diflbring 
in the size and form of the body. The median dorsal series of spines are 
more numerous and are placed closer together, and the long hairs on the third 
segment of the last pair of legs are shorter and of different form. Verified 
by Dr. Berlese. 

Ideality. Not nncommon on Uchen*«overed rooks at Howtfa summit, 
Clo. Dublin, September. 
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Brtobia humeralis, sp. nov. (PI. 21 . figs. 25 a-e.) 

A small species, length about 330 /t, broailth 270 /li. Colour red. Body 
strongly and suddenly narrowed at both exireniities, shoulders very promi- 
nent. Frontal tubercles of ciephalothorax comparatively short, carrying 
strongly-curved spatulate hairs (PL 21 . fig. 25 b). End margin of abdomen 
with five pairs of similar hairs, the three inner pairs being very conspicuous; 
there is also a double row of three or four hairs near the middle line of the 
body and a pair at the shoulders. Palps very short, appendage of fourth 
segment large and stout, terminal claw strongly curved. Legs shorter and 
stouter than in B. preetiosa and of more uniform breadth, the second sog- 
meni of the first pair being noticeably shorter ; the two end segineiits are 
of nearly equal length (PI. 21 . fig. 25 c). 

Apart from the difference in the legs, this species may be known from 
/L prfPtioia by the smaller size, the shorter frontal tubercles, the more 
strongly narrowed body, the more prominent shoulders, and the longer body 
hairs. 

Localities. Found at Clontarf, near Dublin, in March 1S)07. The corre- 
spondent who sent me the s[»ecimens had his attention drawn to them by 
ilie patches of red colour on a garden wall caused by the presence of large 
numbers of this mite. North shore of Lough Neagh, in wet moss, August 
1922. Mr. Evans has found the species amongst moss collected near 
Kdinhurgh. 

Rhaphignathus PATRirs, BerL, var. tritncatus, nov. (PI. 22 . figs. 26a-c.) 

A robust form evidently allied to R. paJtriuSj Bcrl., and in ail jtrobability 
a variety of this species. Differs notably in the narrower body ; of tlie type 
Dr. Berlose remarks : fere aeque longiuni ac latum hiimoratum the end 
margin is very distinctly truncated, and the areolations of the epidermis are 
fewer ami larger. 

Length 420 /a, bn^adtli 320 /a. Colour blood-red, with a central dark area in 
front and four dark blotches on each side of the body, much as in Berlese’s 
drawing of B. clamtus (1, Fasc. xxii, n. 2). Cephatothorax bluntly ].»ointed 
in front, the sides slightly sinuate behind this, and they merge evenly with 
the shoulders of the abdomen ; the margins of the latter narrow gradually to 
tlie truncated end margin, at each angle of which there is a hair somewhat 
longer than the body hairs. There are nine pairs of hairs in all, including 
the frontal hairs, and tiie, latter are the only ones which have a trace of 
secondar}'^ luiirs. Epidermis very coarsely punctured, and there are paired 
circular pits close to the shoulders ; the end of the dorsum is slightly 
depressed. On the ventral side the anal plate and the areas surrounding the 
epinitera are strongly areolated, and on the hinder margins of the former are 
two spiue-Uke hairs. Palps (PI. 22. fig, 26 b) very stout ; second segment with 
a long, bent, hair, which may, apparently, be either simple or trifid at the 
extremity ; third segment with a similar dorsal hair ; length of palp about 
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95 /i. LegR very stont (length of firat pair 264 /i, of foarth pair 254 fi), with 
strong dorsal hairs, which are spionlate at the base (PI. S2. fig. 26 r). 

Loealitff, A single specimen found amongst wet moss from the banks of a 
monntain-atream at Gleucnllen, (yo. Dublin. (Tollected by A. W. Stelfox in 
October 1921. 

I have also found amongst moss in a moantain-stream at Kilmashogue, 
Co. Dublin, a Rlutphignaihus tho identity of which is uncertain. It is very 
closely allied to a form described by Trag&rdh as jR. peUriu* var. brevipalfMS 
(46, p. 470). The Irish specimen differs in the smaller size (length 368 /t, 
breadth 275 fi) ; it is le>)8 rotund, the puncture less regular, and the palps are 
relatively larger. 

Bhapbismathds plomifbb, sp. nov. (PI. 22. figs. 27 a, b.) 

A very distinct species, which may be easily known from its congeners by 
the small size, the strongly plumose hairs, and the beautiful sculpturing of 
the epidermis. Verified by Dr. Uerlese. 

Male. I^ength 210 breadth 120 /t. t'olonr bright red. In shape 
resembling R. eimlue, being o^ate, though the end of the Inxly is produced 
in a point. All of the body hairs are strongly plumose. The epidermis is 
marked with a very distinct polygonal ]>attern as well as being punctured 
(fig. 27 b). (iephalothorax large in relation to the abdomen, carrying three 
pairs of hairs and a strongly-curbed pair of frontal hairs. Eyes small yet 
distinct, and fdaced on the side margins. Tho main abdomen is mu<‘h higher 
than the apical jairt, and is truncated at the end. where there are two rather 
long { 4 : 0 ( 1 .) hairs, carved iiiwaxds at tlie extremities. In addition to these 
there are six pairs of hairs on the dorsum. E]>imera well defined ; anal 
plate large, rounded on the from margin. Maxillary plate tiansbers<< ; 
rostrum sharply pointed. The pal]ia are very stout, w'cond segment with 
two strongly-pinmose hairs. Legs short and robust, armed with Ixith simple 
and plnmose liairs like those of the body. 

Loeedity. A single specimen found under a stone amongst heather on 
Howth Head, do. Dublin, in September. 

Bhaphimnathus LOMGinus, sp. nov. (PI. 22. fig. 38.) 

Colour blood-red with blackish markings. Form short and broad. Front 
margin obtusely pointed, end margin rather truncated. Eyes small, placed 
near middle of side margins. Upper surface of cephalothorax and abdomen 
with a distinct, raised i>olygoi»l network. Abdomen well defined, shonlders 
rather prominent. Hair armature, including the frontal bristles, very long 
(about 125ft), curved towards their extremities, and there is no trace of 
secondary hairs. Epimera small. Maxillary plate transverse. Palps very 
short and robust, distinctly stouter than the legs. The latter are of moderate 
length, and rather slender for this genus. Length 290 (t, breadth 380 (t. 
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LovalitieB. Foniul amongst damp moss at Glencullen in April, and in 
moss collected from pools in the/River Dodder, at Old Bawn, in May, by 
Mr. A. W. Stelfox. Both localities are in Co. Dublin. 

STiGMiEiTS ANTHBODKS, BerL^ var. RBTICULATUS, nov. (PI. 22 . figs. 28 a, b.) 

A large, robust species. The Irish specimens are to be referred to a variety 
in which all of the body plates are sculptnred with a very distinct, polygonal 
reticulation, (volour bright red. Cephalothorax protected by a large central 
shield and two small plates at the posterior corners. On the dorsum of the 
abdomen are ten shields, comprising three on the anterior part, then four 
smaller ones in a transverse row ; behind these are two similar plates, and a 
large unpaired shield lies at the end of the abdomen. The palps, legs, 
epimera, and ventral plates are all marked with a polygonal network. 
Length 550 /i, breadth 310 ft. 

Localities, Amongst hay brought into a cave at Doneraile, Co. Cork, 
in July. Under refus<^ on the sea-bank at Maluhide, in May. Amongst 
ganlen refuse at Ratbgar, Dublin, in April. Mr. A. W. Stelfox found it 
abundantly in the last-mentioned locality. 

CIaligonus scapularis ( A oc/i), Berlese. 

A shining red species of very convex form. The eyes are very large aud 
the body liairs are long and curved. 

Localities. In sphagnum, Lough Dan, in August, and in moss from pools 
by the River Dodder, near Tallaght, in May. 

CHKYLETrS VBNUSTISSIMUS, Koch, 

Locality. Found in numbers on a Hay Moth {i'aradnna) at Sandy mount 
in November hy Mr. G. Khyiiehart. Cheyletas erudituSy Sebr., has been 
found on pine-sboois in August. 

htdbacabuta. 

IJrammenia crassipalpisy SigThor. The genus Jhammenia was established 
by Thor in 1913 ( 44 ) with D. elmyata as the type-species. In the same 
paper Thor partially described a second species, I), crassipalpisy but apparently 
the single specimen, found at Drammen in Norway, was lost before a 
description had been made ; such characters as are mentioned chiefly refer 
to points in which this species differs from />. elongaia. As far as one can 
judge from these notes, the form briefly described below is in all probability 
the same as D. erassipalpisy Thor. Colour yellow with brown coecal markings, 
liength 474 fi, breadth 374 fu Cuticle strongly chitinized, except for a 
marginal band separating the dorsal and ventral plates. Front margin 
truncated, sides gradually'increasing in width to beyond the middle of the 
body, posterior margin slightly flattened. Dorsal plate punctured, touching 
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the tront margin of the body, separated from edge of Tentral plate at the 
side and end margins by a rather broad band of aoft, striated cuticle, which 
contains about fire pairs of pores. On the dorsal plate is a donblo row of 
similar pores, near each of which is a fine hair. Kyes placed at each corner 
of the front margin on the dorsal outline of the body. Frontal bristles very 
short (PI. 82. fig. 29 a), Epiiueral region much as in I). dotiffoJta, except 
the enter border of the fourth pair, instead of being nlwent, is indistinctly 
defined (PI. 28. fig. 29 A). The genital plate is shorter (length 132 /t, 
breadth 100 ft). Length of maxillary plate to tip of rostrum 120 /a. Palps 
very stont, the second segment broader than the legs (breadth in dorsal view 
49 ^); on its inner ventral margin is a low, rounded prominence and a strong 
hair as in the typo-species. Inner distal angle of the fourth segment pro* 
duced in the form of a strong triangular tooth, and Iteside this is a smaller 
tooth, both bearina fine hairs ; near the dorsal line of tlu* pai[)8 are a few 
short spines (PI. 22. fig. 29 r). Legs of moderate length, stout, armed with 
short spines and without swimming-hairs; the lengths are about 240 /a, 
374 fk, 330 /a, and 410 a, 

Localitji. A single simeimen found amongst spbagnuii. moss <>Qlto('ted on Ott 
Mountain, in the Muurne Mountains, in May b) .Mrs. 11. K. S>'harfi‘. 

Ljania hi)xipiUata, Sig Thor, has boon fonnd in the Iliver Dcaider, near 
Dnhliit, in NoveniU‘r ; itt the Uivor Dorgle, at Powersconrt, utid in the stream 
flowing between the lakes at Glondnloitgb, (Jo. Wicklow, in x\pril. The colour 
of living speciniens is pale yellow with brownish markings. Meijapm pibheri- 
palpis, Piersig ( 40 ), occurs in streams on the Dublin Mountains at Kilkee und 
Kiltnashogue, and in the llive^ Idffey. Also in the streatii flowing frotii Lough 
Fighter, ott Carranttiohill Mountain, in t’o. Kerry, ArrlHtumn innidHimt, 
Koeuike : a single ituinatnre specimeti of this species occurred in u small Clmra 
pool at Gollierstown, ( *o. Dublitt, in ( Jetober, The tnale has not lieett desc‘rilied. 
The female is red in colour, and is remarkable on a<‘count of the large wiug- 
shaped genital plates and the lung and narrow epitnera espK’iallv of the third 
and fourth fuiirs. The siteetes is well figured by Dr. Koetiike (88) ; tlm type 
was found on Norderuey. 1 believe this s|K)cies has also Iteeii found by 
Mr. 0. D. t(oar in England. 

Apart from a few records of the common Ilydrpphunlet ruber, de Geer, 
nothing has Iteen published on the species of llpdrifphantet occurring in 
Ireland. I have recently been niakiug a prelitninary examination of 
specimens of this interesting genns from various Irish localities, and find there 
are at least six species found in this eonntry, counting //. pmloi^atut, Thon, 
of specific rank. A certain amount of variation oconrs in the form of the 
eye-plates of Hydrffphantet ; and as the structure of the plates is of great ase 
in the identification of the species, a scries of figures are given in the present 
paper, in the bo]i6 that they may be of interest fur eom|>ariHon witli those of 
the same species in other countries. 
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The type-species of the genus, H. ruler^ de Geer, is common and wide- 
spread in Ireland (PI. 22 . fig. 30), as is also £/. prolongatus^ Tbon (PI. 22 . 
fig. 31), which is sometimes recorded as a variety of the former ; in my 
experience it is rather the exception to find both of these occurring in the 
one locality. The first-mentioned has been found in ponds and lakes in 
Donegal, Antrim (L. Neagh), Monaghan, Galway, Wexford and Dublin, and 
the latter in Donegal, Dublin, Kildare, Galway and Kerry. IJ. prolongatus 
is perhaps of more frequent occurrence. The eye-plate and palps of a curious 
form, which must, I think, be regarded as an aberration of IL prolongatus^ 
are figured (PI. 22 . figs. 32 a, b). The general structure is as in the species, 
but the eye-plate is smaller and narrower especially across the front margin 
(length along middle line 363 /i, breadth 373 /a), and the median eye is 
placed much nearer the middle of the plate. Unfortunately, only one 
specimen was found in a small lake on Lough Salt Mountain, in Donegal. 
IL hageri, Pisarovic (PI. 22 . fig. 33), is apparently rare; I have found a 
single specimen in a drain by the River Shannon, at Portumna, in June. 
IL bayert nonundulaia^ Yiets (PI. 22 . fig. 34) was found in a pool at tl>e 
entrance to Glenshelane Valley, at (/appoquin, Co. Waterford, in J line. It has 
also occurred under stones on the marshy edge of Bount Brown Lough, near 
Westport, in Co. Mayo. The water-level of the lough had fallen considerably 
at the time {July 1911). In the structure of the eye-plate this form bears a 
strong resemblance to 11. planus^ Tbon, but the plate is more abruptly 
narrowed behind the anterior corners, the breadth across the hinder part is 
relatively greater, and the posterior emargination is less deep than in H. planus. 
The median eye is placed far back as in the type. Yiets records this form 
from Eastern Prussia (47). IL crassipalpis^ Koeiiike, was found in ponds near 
Enni.scorthy, Co. Wexford, in May. This species may be easily recognized by 
the form of the eye-plate and the short, thick |)alps ; described by Dr. Koenike 
from Borkuin and the neighbourhood of Bremen, where it is rare (37). At 
Killariiey I have found a Hydryphanies which seems referable to a form of 
this species. The eye- plate (PI. 22 . fig. 35a) is smaller (length along middle 
line 298 breadth 418 p) and the anterior corners are most acute ; the sides 
are more iloeply indented, and the posterior emargination is deeper. The 
palps (fig. 35 5) are shorter (length about 300 /a) than in the typical form; 
the second segment (length 110 /a) has four short dorsal spines on the u])per 
surface and three longer, feathered hairs placed at the upper corner ol the 
inner surface of the segment. This form, which may be called locust risy 
forma nov., was found in Loosecaunagh Ijongh, between Killariiey and 
Kenmare, in the inontli of April. H. placationisy Tbon (PI. 22 . fig. 36), not 
common ; found in ponds near Galway in June, and in ponds in the Phoenix 
Park, Dublin, in April, dispar (Schaub) is apparently rare in Ireland ; 
ferund in company with tlie preceding species in ponds in tlie Phoenix Park 
in ApriL' 'Bm eye-plate is figured (PL 22 . fig. 37). 
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EXPLANATION OF THE PLATES. 

PI.ATJB 20. 

¥lg. t. GanuMM (Bkiyamatw) m«4rsi4ar«t«, sp. nov. Male. n. Chelicene. k Second leg. 
c. Process ou outer side of femur of second leg, dorso-ventral view, 

2. Qama 9 dlws (I^otoUelapa) yranu/attis, sp. nov. Female a. Under side, k Part 

of dorsal plate and soft epidermis. 

3. GamoHllm {Proitdmlupi) tubmtdus?, Berl. lAirva. 

4. JMap9 iatkttmtUf sp. nov. Female. Under side. 

5. Lttlaps simplex^ sp. nov. Female. Under side. 

6. Lmiaptjimhrwtmf sp. nov. Female. Genital and veutro-aual plates. 

7. Xostoisui# (Xostos.) yr^wUii, sp. nov. Female, a. Upper side, k Hair of posterior 

margin, e. Ambulacrum. 

8. LoiWBeiuB (Xm>w.)omotos, Oudem. Female, a. Under side, 6. Shoulder bristle. 

c. Ohelimns. 

9. loiiomut (j^sbsiW) jrl«4er, Berl., cuHtpsa, nov. Female. Under side. 

10. XaimsAii ep. nov. Female. 
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Kg. 11« Loiiottuu itoHeus, Berl. Male chelicem. 

1% Iaum 9 »u$ (.QnMm) mtcAae/i, flp. nov. Male cbelicene* 

18. LanouwM {Jfyiuiu») im^r, sp. nov. Female ; a. Under aide. Male : 6. Cheliceria* 
14. Male ohelioere. 

(llie male cbelioeraa figured in 11, 13, and 14 are drawn to the aame magnification.) 

Platk ai. 

Fig. 18. Zereea tragardhit ap. nor. a. Upper aide. h. Plumoae hair. 

16. Chrotoeamw hieetiiiB (Can. et Faniugo). One of the terminal tuberclea. 

17. JMga^fnmui eyUndr^^ Upper mde. 

18. Tritekffwropoda /ro^oidaa, Can, et Fanzaaro, var. re/fma, Halbt. Upper aide, 

19. I)mMto 9 oma mtmM, Paoli, var. lumdUUay nov. a. Upper side, b, Paeudoatigmatic 

organ. 

30. Iktmeasama moi^ioia, 'Warburton and Pearce Oephalothorax. 

21, TanaHefmu tatfape, ap. nov. Female ; a. Anterior part of cephalothorax. Mule : 

4. Under aide ; c. Fourth leg. 

22. BimichtuMa erampalpis, ap. nov. a. Upper aide. d. Hexagonal marking of 

epidermis. 

28. filBtriia wamta, Triigfirdb. a. Upper side. b. Palp. 

24. NecphyUMui saratilis, ap. nor. a. llpper aide, b End segments of the fourth leg. 

25. Br^obia htimerahs, ap. nov. a. (Tpper aide, h. Body hair. e. First leg. 

Plate 22. 

Fig. 26. BhapMguathus peUrius, Berl, var. fnmeafmy nov. a. Up|>er aide, b. Right palp, 
e. Segment of leg. 

27. Bhaphignathm plumtfm’, ap. iiov. o. Upper aide, h, Epidermia. 

28. 8tigfnmt9 4m1brodMV9x,reficfilaiu9^no\, o. Upper aide. A. (hie of the dorsal shields. 

29. Drammema cnumpalpU^ Sig Thor. a. Upper aide, b, hpimeral regiitii. o. Palp. 

80. Hgdrgphantei ruber^ de Ge4r. Eye-plate (River Ranii). 

81. Ifydrs^^banteB prolongatus^ Then. £ye-p1ate (Galway ). 

32. Sgdrgphantos prohngatw fThon (Ah.), a. £ye-plate. b. Palp (Donegal), 

83. Sgdrgphantss bageri, Thon. Eye-plate ( Iti\er Shannon). 

84. Hydryphmfes bayeri var. nonunduiatn, Viets. Eye-piate. 

86. BLydrpfkanltss etrmiMpalfiiUy Koen,, forma /ootMfn#, nov. «. Eye-plate. l^alp. 

86. Bydrgphantm ptaeesNonu, fhon. Eye-plate. 

87. ffydryphantes ikspar^ von Scfaaah. E) e-plate. 

88. Bhnphignathus tonyifAHs, ap. nov. Pidp. 

(Alt eye^rplatea of Hyd/ryphnnUs are drawn to the same magnification, 
with the exception of number 85.) 


note I.-— LABioRXire (Labiob.) oaubtkr, Oudem* 

In a paper just received, ViUthum deaciibc*a and figures this species firom Austrian 
specimens found in the borings of bark-beetles.’* (Ajvb. f. Natarg. 88 Jahtg. 1928.) 
Mote XL - Ikammada erampalpiUf Sig Thor. Additional localities for this spedes axe-^ 
Stream shove Lough Nahaaagan at 1500 feel, In submerged mose in June. Gleneiee, 
amo^st wet moss and sphagnum at 500 feet in September; both of theee loonliOee 
are in the County Widdow. Also amongst sphagnum on Featharbed Mountain in 
County Dublin at an elevatioD of 1600 feet, in September 1921 
4f4/tf4y,1923. 


J.N.BL 
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i4H lj [ ^ Jia <fi DjfmoipliiMn and Aaexital TU'piod notion in PtifihMlera (apemu 
4H^uoli^rdata). By J. I). F. Giicuiusr, MA, Phi, F.L.S., 
^rofcu<K>r of Zoology in the Univeisitj of Cape Town 

(With 7 Toxt-hiruie ** ) 

[Read 7th June, 192 r 


~iCP||||He|nioliordata, conxidoied as inolnding the thtoe groups lepresentod 
Jialanofflotsus, and Phorom's, are ol such impoitance as 
‘jjlHnHde^conuecttiig links between the great giotips of V'eitebiatesand Iiiter- 
wbi*fttei|*ii}iat an} now tacts beaiing on their t elation ship to each othefor 
pl^^la of the animal kingdom aie of paiticnlar impoitance. The 
fwHtmq^ obsenations on a species of Balanoglossid, which exhibits a form 
t^^dim<p<})hist(i, associated with sexual and ascvual reproduction, may there- 
of qpeoiul inteicst. 

I'O he at least four different species of " Jialanoulos\ut ’* in 
Aiiee, whuh T liaie alieady desciibed ffians. Phil. Sck?. S. Afr." 

' Vol. \vt<. pt. 2, p. 131, I'J03, and Ann. S Afiivan Sln«enni. sol. si. pt. 2, 
20?, 1^8), Ptyik^deia cufnmis^ P. pfolijenitis, I\ naiahnsis^ and an 
S]^ecie% oi only a single imperfeet specimen Las as^'yet 

it^Ayf&tnlde Tilt' iir^t and second weie £ound in a tidul vandy pool in False 
tliird*"!!! the muddy mangrove-boidered flats of Duiban Buy, the 

■ Iso Baj e The first two 

ouith, which does not 
ein to hv quite distinct 
the same pooh tlieir 
IS of the bod}**^ and the ** 
cation in one'(${* them,^ 
nt^winnl imd 

mlar.^ Wte 



394 


PBOF. J. D. T. OILOHBIST 0 N DIKOBPHTSK ABD 


saooegsire fragineniations or proliferations at the extremity of the tail ; (4) a 
further difference is that, though the two; species were found in the same 
locality and under the same conditions, they do not usually occur at the same 
season, P. tapmdt being found chiefly, often exclusively, in the winter 
months, P. proliferam in the summer months, a fact which may, however, 
indicate a possible relation between the two species. To determine this point 
extensive collections were made at various seasons, but no indication of any 

Fio. ]. 



Fio.3. 



transition from one form to the other was observed. The external differences 
between the two are shown diagrammatically by figs. 1 and 2, in which tbe 
bright yellow gonads are indicated by stippled dmding and the hepatic cteca 
by black. Figs. 3 and 4 reprerant regenerating fragments, two and fnitr 
weeks respectively after breaking off from tho parent. 

As both species are hardy animals, thriving fairly , well in capffvity when 
supplied with abundant pure sea-water, a number were kept in 3^*^. 
tanks partly filled with sand, and were examined from time to 
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prooe:KS of asexual roproduction was continuous in the summer months, hut 
not rapid. In the case of half-a-dozen /\ proUferanSy kept in a separate 
vessel, about four to six small fragments were given off every week. For a 
time these remained in close proximity to the parent, but many of them were 
subsequently found free on the surface of the sand, and were readily moved 
about by any commotion of the water — probably a means of dispersal. 
Some of these fragments uere isolated and examined from time to time. 
They moved about freely, a proboscis and traces of a collar appeared, and 
for three weeks seemed to be developing into a form like their parent 
P. proliferans^ but, about the end of this period, some of them were seen to 
be developing hepatic caeca and genital wings, while still retaining tbe bright 
yellow colour and narrow intestine of the parent". Finally, after about a 
month, the/ had the general characteristics of P. capenm^ with a few 
well-marked caeca and whitish canda! region, now containing a few grains of 
sand. The bright yellow colour had entirely disappeared even from the 
hranchio-geniial region, and they could not be distinguished from small 
P. capensis at a stage in which the gonads are not yet developed. 

Fig. 3. Fig. 4. 




IWiferated part 14 days after 
separation. 


co:i:r> 

Proliferated part 3» divys after 
eeparatioii. 


Tn order to ascertain further details of tbe transformation of the one form 
into the other, various stajfes were examined by sectioning. Sections of the 
tail region of P, proliferans show that llte lateral se|ita are well developed 
throughout its length, and are in intimate connection with the gonads, which 
contain eosino]ihil globules, and, in some cases, one or two ova. The same 
condition is, of course, found in the segments which break off from its 
posterior extremity, and this is niaintaiued until the stage when the proboscis 
with notoqhord, &c., have appeared. 

Figs. 5 and 6 show the conditions in a segment in which the proboscis is 
clearly shown, but not the collar region, and tbe gonads occur, not as a 
coiitinoons streak, hut at intervals, so that in some sections (fig. 5) the 
gonads still occupy a large part of the body cavity, but a few sections 
further on (fig. they are lUmost entirely absent, though the lateral 
septa are still present. Sections of the same region at a later stage (about 
4 weeks) (fig> ^) slntw entire absence of gonads and no trace of lateral 
sejfdn. Fragments of food-material — diatoms, protoson, and floconlent 
organic matter — may now be seen in the intestine. 

Svidentily, therefore, the two species are identical, P. proU/erans being 
capable of. giving rise asexndly.to Jp. capensis. The question then arises as 

29* 
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to whether this is a case of alternation of generations, P. capenm being the 
sexnal form. To ascertain this the genital pleurse of P. proliferant were 
examined by teasing, sectioning, and compression, the last-named method 
bmng the most suitable for examining a large number of individuals, as the 
ova are fairly large (‘12 mm.) and conspicuous. The results of the 
examination were not consistent, some having apparently no ova, some only 
a few, and some a fair number. 




TranaverHe seodon of caudal region of ihe stage eliown in fig. 3. 
ssgonads ; }n.:;s intestine ; -septum. 


Fig. 6 Fio. 7. 



Another seetlon (^caadsl i^on Transvem section of 

farther back than diat shown oaodsl ngtoa at the 

in %. ®. stage diowa in %. 4. 

Towards the end of ibo summer (May) the si^t P, prttlifmuts kept under 
observation had become oMiitidarably reduced in «ae, imd a dhange vSTgie 
jobsorved. The posterior region of the body became of a paler colwte^ ^. 
'^>eUow streaks being redtiOed to a few scattered patchbo, and 
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contained a few grains of sand. At a later date hepatic caeca appeared 
about the middle of the body, and subsequently all were transformed into 
typical P. mpensif^ with fairly well-developed gonads, in which, how^ever, 
there were no ova. Thus both the parent and its proliferated parts ultimately 
assumed the form of P. vapensis^ 

Ptyvliodera proli/erans would seem, however, to be capable of reproducing 
Bexuallv, as the gonads contain well-developed ova. The facts, how ever, that 
(1) ova imiy occur in the proliferated part, and be used up like the granules 
in the growth of the body, and (2) that the ova ultimately disappear in the 
reduced adult, seem to indicate that there is no sexual reproduction in this 
form. There can be little doubt that P. capenshj into which both buds and 
parent are transformed, reproduces sexually, so that the whole process looks 
like a modified form of alternation of generations. There is evidence, how- 
ever, which seems to indicate that P. proliferam arises from P. capensis by a 
division of the latter in front of or at the hepatic region, and subsequent 
prolongation and proliferation of the genital region, followed finally by 
regeneration of the lost hepatic and caudal region. 

The nutritive eosinophil globules or granules evidentiy play an important 
part in the life-history of the animal, and their relation to the sexual elements 
may therefore be further enquired into. 

They have been noted in many other £nieropneu$ta, but their origin and 
function remain in doubt. iSpengel found that, in P. minnta^ they weie con- 
tained in cells in which no nuclei %^ere seen. In P. flava Willey found no 
normal nuclei, and believed that the nuclei of the cells undergo a process 
of degeneration analogous to fatty degeneration. They were found to he 
present when the germ-cells were fully developed, but both authors found 
that they disappeared at the period of complete sexual maturity in the 
species they examined. As to their functions, Spengel could come to no 
definite conclusion ; Willey suggested that they are partly for the nutrition 
of the growing germ*cells, but principally for providing an albuminous 
covering to protect the germ-cells during maturation. 

In P. capenm they are absent only in the young stages. They are present 
from the time the geriii-oells begin to develop and incrc^ase in numbers with 
them, and are present when the animais are fully developed. They do not 
disappear at complete sexual maturity^ though the sexual elements then pre- 
ponderate, and they subsequently (towards the end of the winter, when 
exceptionally large specimens were found) apfi^ar to increase in number, 
their bulk greatly exceeding that of the remaining germ-cells* 

In P. proliftiTam stage they constitute the main mass of the gonads. 
Xbese are greatly aitenunted posteriorly and occur, as already stated, as tw o 
narrow streaks of a bright yellow colour in the elongated posterior region of 
tbe body, which is rounded and without pleural ridges in 'the living animal. 
Xhe relative abuhdanoe of otmahd globules uas ascertained by the metliods 
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uiread}' siateJ, and it was found tliiit tlie well-developed gonads consisted 
mostly of globules alone, the eggs being only present, and in diminished 
numl>ers, in some cases. 

The functions of globules in this case seem obvious, namely, the sustenance 
and growth of the non-feediiig 1*. proH/fimu, and of the buds, till they 
reached the feeding stage. 

The origin of globules and ova may best be studied in sections of P. ca- 
pmm at a stage when the gonads arc beginning to appear as small yellow 
streaks in the genital wings, and their early stages may be seen at the 
extremities of their lobate ramifications. The gonads are surrounded with a 
layer of cells with elongate nuclei. The developing ova occur just within 
this layer. They are of irregular amoeboid shape, and the germinal vesicle 
is already well marked. Alongside of the ova, and apparently arising from 
the same peripheral epithelium, are other cells, the outlines of wliich are not 
well marked, containing lenticular nuclei like those of the outer layer, and 
numerous small globules. In the older juirts of the gonads the globules 
constitute a solid mass, sometimes with many scattered and disintegrated 
nuclei, and, in still later stages, only a mass of globules, some small and 
some comparatively large, the latter l>eing most probably formed by con- 
fluence of the smaller. No globules were seen in tlie body of the ovum, 
which, when mature, is surrounded by a zone of clear tissue with radiating 
lines. It appears to be a reasonable inferencetbat the grannies are produced 
by modified germ-cells. 

Though no such process of asexual reproduction has apparently been 
observed in other members o£ the Euteropnensta, the tendency of some 
species to fragmentation and regeneration is well known, and, if their life- 
histories could be followed out, it might he found that reproduction by fission 
is not an unnsnal process of mnltiplication, and is associated with the great 
abundance of eosinophil globules, which otherwise seem so difiScult to 
account for. 

The. presence or absence of hepatic cscca, as well as the extent of their 
development, has not been found of any great systematic valne in the Entero- 
pneusta, and this case may indicate that other sjiecies may at different times 
assume different forms, in which these structures may be absent, or in various 
stages of development as in JP. proUfei'am. 

Some ten years ago it was noted as a remarkable fact by Kwsdjclt and 
Heider that, while asexnal reproduction was such a characteristic feature of 
Cephalodiseus, it was entirely absent in the closely-allied Bakmoglmm and 
in Phoronig. Since that date it has been shown by Harmer tLit it is a 
normal process in a species <rf P/torwiw, so that this distinction between Urn 

Fterohranohifl, Entcropneusta, and Phoronideu disappears. 
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On tbe Morphology of the Hoad Capsule and Mouth-parts of Chlorops 
tcmiopui Meig. (Diptera). By J. G. H. Frew, M.Sc., Ministry of 
Agriculture llesearch Scholar. (From the Entomologiciil Department, 
Rothaiiisted Experimental Station, Harpenden.) (Communicated by 
Dr. A. D. Imms, F.L.S.) 

(With 7 Text figures.) 

[Bead 3rd May, 1923.] 

The following paper deals with a part of tlie anatomical work done in 
connection with an investigation into the life-history and bionomics of the 
Gout-fly of Barley (Chlorops tmnio/jus) which is being carried on at Itot- 
hamsted under the direction of Dr. A. D. Imms. C^onsiderable attention has 
recently been directed to the Dipterous head capsule owing to Petersoll^s 
valuable monograph on the subject (3), and as the results of the present 
investigation seem to necessitiito important modiflcatlons of some of the 
honiologies put forwcard by Peterson, it has been thought advisable to deal 
with the morphology of the head capsule of Chlorops in a separate paper. 
Peterson's nomenclature is followed in all cases unless there is very strong 
evidence that it is incorrect. 

The Tentorium and the Epicranial Suture. 

The location of the epicranial suture is of fundamental iniportanoe in 
determining the homology of the regions of the head capsule, and the 
position of the invaginations of the arms of the tentorium is^ in cases of 
doubt, the safest guide to the position of the epicranial suture. The epicranial 
suture is typically ^-shaped. The stem represents tbe line of junction of the 
paired sclerites of the head, while lietweeii tbe arms lie the unpaired selcritos, 
the frons, clypeus, and lubruni. Except in a few forms (Peterson, p. 15) the 
stem of the epicranial suture is wanting in Diptera. The tentorium consists' 
of an arrangement of chitinised rods and plate-like structures. These arise 
from three pairs of invaginations on the head — the openings of the posterior, 
anterior, and dorsal arms of the tentorinm. The invaginations of the posterior 
arms are situated one on each side of the occipital foramen and are joined by 
a transverse ehitinous bar^ forming the body of the tentorium and dividing 
tbe occipital foramen into dorsal and ventral halves. ^^The invaginations of 
the anterior arms are usually associated with the lateral margins of the 
olypeus, with one of the points ot articulation of the mandibles, and frequently 
witb the ventral ends of tbe arms ot the epicranial suture. The invaginations 
of the dorsal arms are associated with the points of nttacUraeni of the anteniuie 
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and ndar tlie dorsal portions of the arms of the epicranial suture ” (Peterson, 
p. 26). .^cording to Oomstock and Kochi (1, p. 41), “ Each dorsal arm of 
the tentorium arises irom the side of the body of the tentorium between the 
anterior and posterior arms, and extends either to the front or to the margin 
of the antennal solerltes.” 

If one examines the tentorium of Chlofopt it is seen to consist of three 
distinct chitinous rods on each side (figs. 1 and' 2). One rod on each side 
(p.a.) arises at the side of the occipital foramen and passes forwards along 
the ventral surface of the head capsule ending at the point marked X in 
iignre 1, at the ventral corner of the ridge whicli forms the lateral 
boundary of the oral depression in which the proboscis lies wlien retracted. 
These two rods are obviously the posterior arms of the tentorium ; tlie question 

Fio. 1. 

f*. 


Fio. 2. 



■ " ' ' rOwT ' ' Caudal aspect of Head Capsule. 

Cephalic aspcfct of Head Capsule. 


>uf the position of the body of the tentorium is dealt with in connection with 
the morphology of the caudal aspect of the head, b'rom the point X a second 
chitinous bar (a.a.) runs along eaoli lateral margin of the oral .depression 
ending at the point marked Y in the figure. This bar is a thickening of the 
mesial wall of a shallow slit>like depression («.), which extends along each 
lateral margin of the oral depression. From the point Y a third bar (cf.a.) 
on each side extends dorsally along the anterior sufaoe of the head ; the 
dorsal end of each of these bars is strongly carved and «lm^t 
the antennal base of its side in the manner shown in the figure. All tli^. 
aims of the tentorium are fused along their entire length widi the h«id 
capsule. The dorsal margin of the oral depression is marked by a . strong 
bar (jn.), whioh unites (he two halves of the tentorium. . 
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It seems clear that the bars extending £rom the points Y to the antennal 
bases are the dorsal arms of the tentorium, and their antennal ends are 
probably to be regarded as their points of invagiusiiion. Tlie bars on each 
side uniting the points X and Y are here regarded as the anterior arms of 
the tentorium, their dorsal ends (Y) being their true points of invagination, 
iis already mentioned, their invaginations are actually slit-like and extend 
along their whole length. Peterson has described several Brachycera and 
(Jyclorrhapha Aschizu in which similar^ though ai>parently not such pro- 
nounced, slit-like invaginations run along the anterior arms of the epicranial 
suture, and the occurrence of slit-like invaginations in Chlorops cannot, 
therefore, he regarded as in any way exceptional. It rhus seems clear that 
the three arms of the tentorium can be recognized in Chlorops as in less 

Fi«. 3. 

A B 



Diagram illustrating tlie natuie of the tentorial thieWnings of Vhhnpi. 


spooittliaed insects, though their relations to each other are undoubtedly very 
different from the relations in more typical tentoria. Peterson, speaking of 
generalised insects, says (p. 26) : ** The small dorsal arms unite witii the larger 
anterior arms, and these, in turn, join with the posterior arms.” Fig. 3 A 
represents this diagrammatically ; the points 0 and P represent resi ectively 
the points of jnnotion of the dorsal arms with tbe anterior arms, and of the 
tatter with the posterior arms. Fig. 3 B represents diagrammatically the 
oon<Uti<m found in CMorept^ and the following provisional explanation is 
offered. In Ckhropt^ as in most species possessing a ptilinnm, the rods of 
the tmiioriom hare become fused with the bead capsule. In the case of the 
Miterior arm this may be supposed to have resulted in the entire obliteration 
of the portion of the rod extending from a.i. (its point of inva^natiou) to 0, 
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SO that these two points become coincident, the anterior arm now being 
represented only by the portion between the points 0 and P. Altliough this 
explanation seems quite plausible^ an examination of Peterson’s extensive 
series of figures has failed to reveal any morphological evidence in support 
of it in the shape of intermediate forniN, aiul in view of the extensive scries 
of forms studied by Peterson it seems unlikely that such evidence is available. 

Peterson (p. IG), although be says that the anterior arms of the epicranial 
suture are not present in any Dipteron possessing a piilinum, considers^ 
nevertheless, that there is every reason to believe that the tentorial thick- 
enings mark the course of the suture.*’ If one accepts this view' the region 
of the head lying between the dorsal anus of the tentorial thickenings in 
Chlorops must be the frons ; but owing to the curved dorsal ends of the 
thickenings the antenna' arise, quite definitely, on this included region. 
ISuch a position for the antenuso does not occur, so far I know, in any 
insect, and one must, therefore, conclude that (he region King between (be 
dorsal arms of the tentorial thickening U ii )t (he frons (or iron(o-cly|)eu«). 

I consider that the tentorial thickenings between the poiikt^ X and Y ofi 
each side mark the lowrer j)ortion«^ of the arms of (he epieruniui suture, (be 
shallow invaginations in which the (hiekt»iungs lie being probably the ac^tual 
sutures which have remained permanently open. As mentioned abo\e, the 
dorsal edge of the oral depression is formed by a trans>erse ehitinous bar 
uniting the t\ro halves of the toiitorium, and I consider that this represents 
the dorsal and median region of the arms of the epicranial suture, 'rhe 
following passage from Peterson (p. 28) gives, I think, considerable^ support 
to this view, iipeaking of tlio invaginations of the anterior arms of the 
t<Miiorium in Taftanusho sajs; — “The invaginations on each lateral half of 
the head are joined together by the arms of the epicranial suture and 
resemble the hypothetical type.” The points V have ulroaclj* been indicated 
as probably representing the points of invagination of the anterior arms of 
the tentorium. 

I consider, therefore, that the dorsal and lateral margins of the oral 
ilepreasiou coincide with the uutorior arm«( of the epicranial suture. Accord- 
ing to this view the antenna' arise on the vertex, a position which they 
occupy in many Ortborrhapha, and one must look for the frons and olypeus 
among the structures lying in the oral depression. On the dorsal surface of 
the rostrum of the proboscis there is a plate which is the superficial region 
of a ehitinous structure usually termed the fulcrum. Lowmc (p. 134) 
regarded this as the clypeus, and Dr. Imms tells me that he is ox pressing the 
same view in a forthcoming publication. With this view I agree, with the 
small reservation that, as according to Peterson (p. 17) the frons and clypeus 
are separated by a doubtful suture in only a few Ortborrhapha * and are 
entirely fused in the majority, it is possible that tlie sclorite in question 

s» He also regards the firone andolypeus as fused iit the (^.Klorrhiqthii, but here the region 
which he calls fruuto-clypeus is, in my opinion, part uf the \ertox. 
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represents the fronto-clypcus. If it only represents the clypeus, the frons is 
represented by the intervening membrane uniting it to the dorsal edge of the 
oral depression. 

Only in Mifceiophila among the Dipterous types studied by Peterson is the 
Hem of the epicranial suture complete. Borne forms ( Jihaklaphatja^ Myt^etohia^ 
T'ahanm) ^‘show depressions or thickenings along the meson. These marks 
may have no significance^’ (p. 15). In Chlorops there is a very distinct 
internal ridge running along the meson from the median ocellus to the 
median point of the dorsal edge of the frontal suture. 

I 

Tormjb and Fronto-clypkits. 

In the base of the rostrum there is a somewhat complex chitinous structure 
usually termed the fulcrum (fig. 4), part of which is internal and is formed 
by the chitiiiized basipharynx^ and part of which is superficial and is, as 
stated above, the clypeus or fronto-clypeus. The internal portion will be 


Fio. 4. 



0-5 n»m 

Ventro'liilenil view of biiMpbar.Mix, torniip, and rlrpen.. 

considered later ; it consists o£ dorsal and ventral plates enclosing between 
them the pharyngeal cavity. A vertical chitinous plate (/) on each side unites 
one side of the soperficial plate (clypeus) to the corresponding side of the 
basipharynx. Peterson regards these, together with the superficial plate 
which I consider to be the clypens (or fronto-clypens). as the Tormse. 

*‘Thetorm»in generalised insects are chitinized pieces which belong to 
the lateral portions of the epipharynx in the region of the clypeo-labral 
suture and connect with the clypens or labruni at tlie lateral ends of <be 
sutura. . . . The tormse of generalized Diptora also connect with the inner 
snrface of the ventral portion of the fronto-clypens” (Peterson, p. 19). The 
basipharynx is composed of united epipharynx and hypopharyux. Thus, by 
accepting the view that the superficial plate is the clypens or fronto-clypens, 
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it wll be seen that the lateral vertical plates have ahsolntely typical relation- 
ships as torinoi. According to Peterson’s view tliot the lateral plates and the 
superficial plate represent torma} alone, the tonnis o£ the Cyolorrliapha are 
strikingly different in their relationships from the tormm of generalized 
insects or of the Orthorrhupha ; u difference which he hardly attempts to 
explain. 

As in the remainder of this paper 1 shall hare no canse to disagree with 
Peterson’s views, it may be useful to summarize here the points of difference. 
In CM&ropt I consider that the tentorium clearly consist^s of the three typical 
arms ; this may, however, be a speciwl case, as it certainly appears to be 
judging from Peterson's figures, and not general to all (’yclorrbapba. The 
following points, however, are almost certainly a]>plicuble to all (.lyclor- 
rhapha : — 

1. The position of the arms of the epicranial suture is marked by the 

dorsal and lateral bordera of tbe oral depression. 

2. All regions of the head lying dorsal and lateral to tbe oral depression 

are derived from the paired sclerites of the head, and the frons and 

clypens must lie within the oral depression. 

3. The antennm arise on the vertex. 

4. The superficial plate of the fulcrum is the clypens or fronto-cIyjHMis. 

5. Tbe tormsEi are the chitinized plates joining the sides of the clypens 

to the sides of the chitinized basipharyux. 

It cannot be claimed that absolutely rigid proof of any one of the above 
statements has been given. The evidence in supjwrt of thorn seems to me, 
however, to be very strong, and their acceptance up(>ears to afford a very 
much clearer explanation of the natnre of tbe facial aspect of the (’yclor* 
rhaphous head capsule than does Peterson’s homology, and, moreover, 
brings the Cyolorrhaphons head capsule more into line with that of the 
Orthorrhapba or of generalized insects. 

'the Ptilinum shows no marked peculiarities. It lies within the head 
capsule close against its anterior wall. The frontal suture {/,!>.) lies Just 
dorsal to the antennal bases. 

The Labrum {figs. 1, 5, & 6) is a rather heavily chilinized tnangular 
solerite lying along the dorsal surface of the inedi proboscis, its huso being 
continuous Vith the dorsal membrane of the distal end of the basiproboscis, 
so that it is separated from the clypens by a considerable extent of membrane 
— a condition which is nsiwt, hut not noivcrsal, in Diptera (Peterson, pp. 20- 
21). Hie ventral surface of tbe labrum is longitiulinally grooved lor Uie 
reception of the epipharynx, which fits tightly within the groove attd <»i»not 
be removed without damaging tbe labrum. Tiie epiplmrynx dees not «xien4 
^uite to tbe distal end of the labrum, and just l^yond its .tormiaatlbii- ^ 
labral groove bears two small conical papillsc, one on each side, whieh jitaye 
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the appoaranee of Iwung sens<»-orgttn3. The dorsal surface of the labruin is 
strongly convex from side to side ; its base articulates with the distal ends of 
the stipites (fig. C). The labruin, together- with the cpiiiharynx, is ca.sily 
lifted from the surface of the proboscis and rotated dorsally, its bii«e hinging 
on the stipites. 

The Vertex “i.s interpreted as including all the cephalic and dorsal 
aspects of the epicraiiiuni except the front. . . . The region of the vertex 
ventrad and inesad of each compound eye is a gena ” (Peterson, ])p. 21-22). 
It is only necessary to remark that wlwt Peterson calls the front is, in inv 
opinion, part of the vertex. The term “front" as applied to (tyclorrhapha 
has no true morphological significancx*, but the region defined by the term is 
so well understood, and the term is so constantly used in taxouomical writings 
on Diptera, that it would, I think, be a mistak(> to propose any new name for 
thus region. 

The Coin/wiind V.yee and OeelU . — The only noteworthy feature concerning 
the eves i.s the presence round their margins of a well-marked, though 
incomplete, ocular .sclerite (figs. 1 & 2, o.s.). This ring .sclerite is incomplete 
anteriorly ; it bears two small peg-like projections, an antero-veutral (a.p.) 
and a postero-dorsal The three ocelli are situated on the vertex some 

di.««lancc dorsal to the frontal siitnre, and lie on a raised and dark-colonred 
triangular aiea (tig. 2, «).<.), which is continued forwards in front of the 
median oeellns as a dark-coloured internal chitinous ridge running along the 
median line of the vertex and ending at the dorsal margin of the frontal 
suture. 

Occiput axd Postcrx.^. 

Owing to the absence of sutures on the caudal as|)ecl of the head (fig. 2), 
it is not, possible to define with certainty the limits of the occiput and post- 
gentc, and accordingly Peterson’s view is followed that all regions of the 
caudal aspect lying dorsal to a transverse line drawn through the middle of the 
occipital foramen btdong to the occiput, while the areas ventral to (his line 
and lateral to the mesial membranous area arc the jxtstgenao. The dorsal half 
.of the foramen is strengthened by a tliickening of the occiput {p.o.) which 
provides articulation for the neck sclerites. I follow Peterson in calling this 
the, Parocciput. It is not marked off from tlie occiput by a secondary 
suture, as is frequently the case in Diptera. On each side a chitinous peg 
(b.U) piK*jects mesially across the foramen, the two almost meeting in the 
median lino and dividing the foramen into dorsal and ventral halves. These 
certainly appear to me to be processes of the ventral ends of the parocciput, 
but Peterson has named apparently identical structures (e. g. in ChUmrpisra 
fig. 132) as the body of the tentorium, and as he lias examined a 
large jjeries of forms aiid has therefore had the opportunity of tracing the 
yadatlt^ of the body of the tentorium in Diptera, 1 have decided to follow 
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his nomeholature i& this matter. On each side the paroocipnt bears an 
articular surface of somewhat complicated nature (art.) with which the 
anterior end of the chief neck sclerite on each side articulates. 

The ventral half of the rim of the occipital foramen is thickened (pa.p.)f 
and the posterior arms of the tentorium appear to arise from this thidcened 
rim. This is the Parapostgenal thickening (Peterson, p. 24). 

Tw'o long chitinized ridges (r.) occur on the inner surface of the occiput, 
one on each side, arising from the dorso-latoral region of the paroocipnt and 
extending dorso-laterally towards the eyes. A median thickening, which is 
present in many Cjclorrhapha in addition to the above, is not found in 
Chloropt, 


Fia. 5. 


cl 



05»i.. 

* view of the prolMScis. 

The Anterma consist of three basal joints and an arista arising from the 
third joint and itself three«jointed. The second joint of the antenna has a 
cone-shaped apex which fits into the base of the third joint. The basal joint 
is a ring-shaped sclerite and is united to the second joint by a membianons 
region of considerable extent. There is a relatively large pit on the under 
surface of the third joint which is probably a sensenorgan, but which has sot 
yet been closely examined. The arista is minutely pilose. 

Mandibles are absent. . 

The Labium forms the greater .part of. the proboscis. The folloving is a 
brief r^md of Peterson’s views on the homology of the Dipterous pro> 
bosds.s—Ihe membranous basiproboscis is made up of snbnMt^, mentom. 
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and the cardines and stipites of the maxillsD, but the limits of the sclerites 
cannot be distinguished. The mediproboscis and the distiproboscis con- 
stitute tlioligula. The labellae are the paraglossa?, and between them are two 
membranous lobes which are the glossoe 

In the membranous basiproboscis of Chlorops only the stipites (6g?. 1, 5, 
6, st,) can be distinguished as separate sclerites. In the majority of 
Cyclorrhapha a distinct galea is found attached to the ventral end of each 
stipes, part of it aj)pearing on the surface of the proboscis (the stipites lying 


Fio. 0. 



W’litral view of lAbruxn^, epipliarynx, and associated parts. 

entirely within the proboscis). '*In the Calyptcratse and some of the 
Acalypterafjc the galea articulates with the proximal end of the labrum and 
is more or less firmly connected with the same. The ectal exposure of the 
galea is very small in these forms (Peterson, p. 41). In Chlorojys I have 
been unable to differentiate the gale«e, and they have probably fused with the 

♦ Other views on the morphology of the proboscis are given by Wesche, W., **The 
Labial and Maxillary Palps in Diptera’* (IVons. Linn. Soc., Zool. vol. ix. 11903-7), and by 
Cramptoa, U. C., ** The Sclerites of the Head, and the Mouth-parts of certain Immature and 
Adult luseets*’ (Ann. Ent. Soc. Amer. vol. xiv., 1921 j. The former author considers that 
the palpi of Muscidm are labial and not maxtUaiy. Crauiptun considt rs that the Inbeila of 
Piptoa are labial palps. 
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ventral end of the stipites, which, as already mentioned, articulate with the 
base of the labrum. Although very near the surface I could not definitely 
determine that any part of these ventral ends was actually superficial. Hie 
stipites are flexible, and probably springy rods. When the proboscis is 
extended they are practically straight, but they are considerably curved 
when the proboscis is retracted. They probably assist in the exiension of 
the proboscis b}' pressing on the base of the labrum ; this point, however, 
requires further investigation. According to Peterson the areas niesad 
of the stipites are to be considered as developed from the submenfum and 
inentum, while the areas lateral to them arc formed from the maxillse. 

The Theca (fig. 5, th.) is a broad curved sclerite lying on the caudal aspect 
of the mediproboscis. It is not very heavily chitinized, nor are its limits 
very sharply defined. On its dorsal (anterior) aspect the mediproboscis is 
channelled by a longitudinal groove whose walls ore rather more heavily 
chitinized than the general membrane of the mediproboscis ; the hypopbarynx 
lies in this groove. 

Fig. 7. 



Diagram of the relationship of the epipfaarynx and 
the hypophaiynx. (Ventral view.) 

The LaJpellw (Paraglossm) are shown in fig. 5. A detailed account of their 
structure is unnecessary as they are essentially similar to those of Muscat 
Each labella forms half of the stomal disc, the tw’o being united mesially by 
a flexible membrane, and each bears three pscudotracbese. The two outer 
pseudotrachjea* of each side unite to form a short common duct which 
opens into a short but wide groove at the proximal end of the stomal 
disc, this groove being continuous proxiinally with the groove of the hypo- 
pharynx. The mesial pseudotrachea of each side opens separately into the 
short common groove. The glossse cannot be distinguished. According to 
Peterson this is also the case in Chloropiscaj whore ^‘it is impossible to dif- 
ferentiate the glossse from the chitinized groove of the mediproboscis and the 
proximal ends of the pseudotrachese (p. 49). 

In the majority of Diptera each paraglossa is supported by a triradxate 
chitinized rod— the Furca — ^lying on its lateral and caudal aspects, and in 
the majority of Bracbycera and Oyclorrhapha there is a small solerite— 
Sigma — situated between each furca and the ventral margin of the theoE. 
Neither of these sclerites is present in Chlorops^ but this is not very surprising, 
as Peterson mentions a number of Diptera, ChloropUca among tbemiJn 
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which he has been uiiabie to distinguish them. Kappa ” is also absent, but 
Peterson has only found this sclerite in Tahanus^ Tipula^ and Bittacomorpha, 
where it lies embedded in the membrane laterad of tlie ventral ends of the 
theca.” 

The Maxillary Pal pa {m.p,) are one-join ted anti present no peculiarities. 
Epiphauynx and Hypopharynx. 

The epipharynx (<7)., figs. 1, 6, 7) lies in the groove on the under side of 
the labruin and is in the form of a gutter, semicircular in cross-section and 
opening ventrally. The hypopharynx (A/).) is a similar but rather more deli- 
cate structure lying in the groove on the dorsal surface of the mediprolioscis, 
its opening facing dorsally so that, when epipharynx and hypopharynx are in 
contact, a closed hollow cylinder of chitin is formed. At about the point of 
junction of medifirohoscis and distiproboscis the epipharynx and hypopharynx 
unite to form a short closed cylindrical tube, the distipharynx [d.ph.)^ whose 
))roximal end articulates with the distal end of the basipharynx {b.plu), the 
(;avities of the two being continuous. Although it is certain that the short 
distipharynx con«iists of united epi- and hypopharynx, it ha< the appearance 
of being formed by the former alone, which is obviously a direct continuation 
of it, whereas the hypojdiarviix is separated from the distipharynx by a 
narrow membranous area acting as a hinge, and is easily broken off at this 
point. 

Just distal to its junction with the distipharynx the epipharynx has a 
rather deep groove fig. C) on its surface. The hypopharyux apparently 
lies quite frcMdy in the groove on the modi proboscis, from which it is easily 
tletached excffpt at its distal end, where the two are united. As the labruin 
is slightly, and the epipharynx considerably, shorter than the hypopharynx, 
there is a short distal region of the latter whicTi cannot be converted into a 
closed groove by the upjmsition of the labruin or epipharynx. The distal end 
of the hy[)0pharyngcal groove is, however, deep, and a study of serial 
sections has afforded some evidence of the possibility of the lips of the groove 
being brought together to form a closed channel, such a closure being 
probably effected by an increase of turgidity in the ineiliproboscis due to the 
pumping in of liody-fluid when the prol>oscis is extended for feeding. 

Basipharynx. (Figs. 4 & 5, Lph.) 

The form of the basipharynx is sufficiently well shown in the various 
figures. It is an organ of suction. Muscles arise from the dorsal suri'ace of 
the basiproboscis and are inserted into the dorsal wall of the basipharynx, 
which they raise by their contraction^ thus increasing the capacity of the 
pharynx. Posteriorly the basipharynx ends in two blunt cornua (cu.). 
Peterson interprets the basipharynx as consisting of united epipharynx and 
hypopharynx, 
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The Crustacean Plankton of the English Lake District. 

By Robert Gurney, M.A., FJj.S. 

(Platk 23 and 3 Tezt-fiEures.) 

[Read did May, 1923.] 

The published information with regard to the Crustacea of the Lake District 
is surprisingly scanty. Mr. Scoarfield has included all available records in 
his Synopsis of British Entomostraca (1903-4), but naturally dealt only with 
the district as a whole, without comparison of the fauna of the different 
lakes. Miss Pratt’s paper on the Entomostraca of Lake Bassentliwaite is 
the only attemiii that has been made to give a comprehensive account of the 
(.h-ustacca of any single lake. The phytoplankton, on the other hand, is 
fairly well-known as a r(3sult of the work of Messrs. West and of Dr. Pearsall. 

The following account of the Crustacea of the district lays no claim to 
being exhaustive or even to deal with many of the points of special interest, 
but at least it may serve as a groundwork for comparison with other lake 
areas and to draw attention to questions on which further work is required. 

The material at my disposal consists chiedy of a series of plankton samples 
taken by Dr. W. H. Pearsall during 1921 and 1922 for the purpose of a 
study of the phytoplankton, and I wish to express my thanks to him for the 
loan of these collections and for the valuable information which he has 
readily given tu me during the course of the work. I have also myself 
visited the district and have made collections in a feiv of the lakes. During 
the autumn of 1922 1 spent a week in the western part of the district 
specially investigating the Crustacea of Ennerdale, Wastwator, and Coniston. 

While it is probable that the collections at my disposal give a fairly com- 
plete picture of the composition of the crustacean plankton of the various 
lakes, it is unfortunately true that the methods which are suitable for the 
collection and preservation of phytoplankton arc by no means so for the 
Crnstacea ; and for this reason, though Dr. Pearsall’s collections extend over 
a large part of two years, it is not possible to deduce from them any reliable 
conclusions as to the seasonal distribution and variation of the Entomostraca. 

Undoubtedly much further wqrk remains to be done with regard to these 
two questions, and also in connection with the vertical distribution of the 
species. It seems also to be probable that the distribution of the Crustacea 
may not be uniform in some of the larger lakes, and that suoh lakes should 
not^ therefore,^ be dealt with as homogeneous units. For instance, the com- 
position of the plankton in the deep part of Ennerdale is not the same as 
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that of the shallow western part, and the same inaj be the case wit.h Ulls- 
water, Windermere, and, perhaps, Ooniston. Holopedium gihberum was not 
found in any of Dr. Pearsall’s collections from Windermere, but it was taken 
there many years ago by Beck, and again in 1912 by Mr. P. A. Bnxton. 
It may be that it is a permanent inhabitant of the lake, bat it is restricted to 
certain parts of it. 


Kiq. 1. 



Map of the English Lake District, with section showing the relation of 
scenery and gradients to the underlying rocks. 

(By permiauon of Dr. W. H. Pearsall and the Conncil of the Royal Society.) 


I have thought it well to add notes on some of the species composing the 
plankton, and on the fauna of some of the high-lying lakelets or tarns, in 
order to give a more complete pictare of the crustacean fauna than would be 
conveyed by a statement of the composition of the plankton alone. 
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With the physical conditions of the district and its lakes it is not my 
business to deal. The foundation of our knowledge of these lakes was laid 
in the survey of Dr. H, 11. Mill (1895), and Dr. Pearsall has, in his papers 
on the aquatic flora and phytoplankton, added greatly to our knowledge of 
the post-Glacial history and present conditions of these lakes. The accom- 
panying map clearly shows relations of the lakes, which occupy valleys 
radiating from a common centre. 

The PLANKroN . — Companson oj tlie vai'toua Lakes. 

One of the chief results of Dr. Pearsairs work is that “the stage of 
evolution of the lake-hasiii must he regarded as being the fundamental factor 
affecting the distribution of the phytoplankton, since it is upon this factor 
that the character of the waters depends” (1921, p. 279), and he has divided 
the lakes into groups on the basis of the amount of silting of their beds. 
These groups are ; — 

I. Primitive Lakes. 

Wastwater, Ennerdale, Buttermere, and (^rummook. 

II. Intermediate Lakes. 

Hawes Water, Derwentwater, Bassenthwaite. 

HI. Evolved Lakes. 

Coniston, Windermere, Ullswater. 

IV. Most evolved Lakes. 

Esthwaite (and (Irasmere). 

Tlie phytoplankton corresponds fairly well with this grouping, the lakes 
of the first group containing a Desmid plankton, while in the remainder 
there is a large proportion of Diatoms. But Desmids are also frequent in 
Group II., while Myxophycea? form an increasing component of the plankton 
of Groups III. and IV., and are at times dominant in Esthwaite. As 
Dr. Pearsall intends to deal in detail witli the plankton as a whole in relation 
to its environment, I shall do no more than attempt to show how far the 
distribution of Entoniostraca conforms to this grouping. 

Any grouping of these lakes on the basis of their Crustacea is by no means 
easy, since, with the exception of Buttermere and Crummock, which lie in 
the same valley and undoubtedly at one time formed a single lake, each lake 
has its own individual character — so much so that it would probably always 
be possible to identify tlie lake from which any given representative sample 
of plankton was taken. 

In Table 1, I have arranged the lakes in the groups adopted by Dr. 
Pearsall, Group I. being the most primitive and least silted, and from this 
table the composition of the Crustacean plankton can be seen at a glance. 
Every plankton species taken is recorded in the table, but those which 
occurred only singly in one oolleciion or were evidently not regular eoii- 
stituenis of the plankton are distinguished by a cross enclosed in a circle. 
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Table 1, showing composition o£ Plankton. The Lakes are arranged in 
Groups as in Pearsall, 1921, p. 276. Crosses enclosed in circles indicate 
that the species is occasionally found, but is not a regular member of 
the plankton. These species are not included in the total numbers. 
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It should be noted further that collections have only been taken from the 
shore of Buttermere, and that I have only a single collection from Grasmere* 
taken in September 1912. Species which are known to belong to the littoral 
fauna, such as Alonoptit elonffoia, are omitted even when they have some- 
times been taken in the plankton. Chydorut jjjlueticui, which is often 
limnetic in central European lakes, is not found in the plankton of this 
district. 

It will be seen at once that the Crustacea do not conform to Dr. PearsalPs 
grouping, and indeed it is difficult to trace definite relatimsbips at idl. 
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Group L of the lakes of the deep and rocky type a^j^ree in the limited number 
of species and the absence of species characteristic of shallow and warm 
waters, and in their predominant zooplankton, while Ennerdale and W astwaier 
together differ from Buttermere and (Irummock in the entire absence of 
Daphnia, Buttermere and ( Vuminock arc characterized by the dominance 
in their plankton of the typical form of Ihiphnia liyaUna, But, although 
Ennerdale and Wastwater are so alike in physical characters^ they differ 
markedly in their plankton, not only in the species found, but in tludr 
relative abundance. Ennerdale possesses two striking species, Holopedium 
Ifihberum and Limnocalanus macriirus^ which are absent from Wastwater, 
but, on the other hand, lacks both Leptodora khulti and Cyclops abyssornm^ 
both of which are common in Wastwater. Further, Bnsmina ohtnsirostris i> 
abundant in Wastwater, while it is an insignificant component of the plankton 
of Ennerdale. It cannot, in fact, be said that the Crustacea indicate any 
greater relationship betweim these two lakes than between either of them 
and certain lakes in other groups such as Hawes Water, IJllswater, or 
eWiston. In these two lakes Dr. PearsalPs grouping is put sharply to the 
tost, for, so far as physical conditions go, two lakes^ could hardly he more 
alike than these, and their phytoplankton also is very similar. 

The Fame difficulty is met with in the other groups, though it is true that 
Esthwaite has characters which distinguish it very clearly. It has a very 
varied plankton, which contains the ‘‘warm-water’* or lowland Cru>t.ucea 
JHaphanosoma l)rachyurvm^ Ceriodaphnia^ md Cyclops leuckarti: but its chief 
claim to distinction the presence (in company with B. obtusirosfris) of 
Bosmina longirostris^ which is a distinctly southern form. Grasmere, except 
for containing: Holopedium^ is very similar to Esthwaite. 

In Group II. it is clear that Hawes Water cannot be classed with Derwent- 
water and Bassenthwaite with regard to their Crustacea. The presence of 
the northern .species JHapiomvs laliceps places it in a class apart, its elevation 
of 694 feet giving it almost a position among the mountain tarns. It differs 
also from the other two, possibly for the same reason, in the different race of 
Daphnia inhabiting it, and also in the absence of Sida^ Leptodora^ and 
Cyclops leuckartu 

Dorwentwater and Bassenthwaite also differ considerably, though forming 
part of one drainage system, for the latter lacks any species of Daphnia or of 
BosnUna^ being unique among the lakes in this respect. It is trae that both 
have been recorded from it^ and that a single specimen of Bosmina obiusi- 
rostris occurred in one sample examined by me ; but it is evident that, at the 
present time, neither can properly be included in its fauna. The great 
abundance Diaphanosotm in the plankton of both lakes is a striking 
feature in common, and the plankton of Bassenthwaite may perhaps be 
regarded as that of Derwentwater, in which certain elements have been 
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Dr. Pearsall saggests that the impoTerishment o£ the plankton of Btissen- 
thwaite may be due to the silt from lead mines washed into the lake during 
tlie past fifteen or twenty* years. It is quite possible that to 'this cause is due 
the difference betw^n the present plankton and the list given* by Miss Pratt 
in 1898. 

Group III. is also by no means a natural group from tlie point of view of 
the Crustacea, although the fact that it is only in the three lakes — Coniston, 
Windermere, and Gils water — that JJaphnia of the galeata>^tovn\ occurs, may 
indicate a similarity of conditions. Tiie presence of JJolopedium, eitlier 
regularly or occasionally, in Ullswater and Windermere may also bo regarded 
as evidence of similarity, though the status of the species in the district is 
rather doubtful. It seems to me that, if any groujnng is to be attempted on 
the basis of the crustacean plankton, Ullswater and Hawes Water should be 
included in the series of primitive lakes, while Windermere, with its i>ta- 
phahos 0 ma^ Ceriodaphnia^ and Cj/chps leuekarfi^ belongs more nearly to the 
Bstb waite-Grasmere series. Oonistou, with its dominan t crustacean pla rikton, 
comes near the primitive type, while Derwent water and Bassenthwaite lead 
on towards the more evolved type of Windermere and Esthwaite. 

It is impossible, without greatly extended knowledge of the food require- 
ments of the Eutomostraca, to determine what are the factors controlling 
their distributions in an area such as this. The evidem^e is conflicting. 
Birge (1898, p. 353) states that />ap/emafeed readily on filamentous Diatoms 
(e. g. Melonra) and also on Aphanizomenon and Anabwiia^ while Dtapioniun 
prefers Anabwna and Aphanizwnenon to Diatoms. On the other baud, more 
recent investigations lead to the supposition that but little correspondence 
will be found between the distribution of the Entomostraca aud the net 
phytoplankton, since the Entomostraca appear mainly to feed upon the 
minute nannoplankton^ which is not taken in the plankton not. Woltcreck 
^,1908) stated that the net plankton is far too largo to be taken in by IJaphnia^ 
their food consisting partly of the finest detritus, but mainly of the nanno* 
plankton. The latter be found to be more abundant in the Lunzer Obersee, 
where Daphnia was more flourishing, than in the Untersee, and attributed 
this to the greater organic content of the water. This result was confirmed 
by experiment, since it was found possible to maintain limnetic Dapbnias in 
health on a diet of a pure culture of Chlorella, 

Naumann ♦ concluded that it was not the Algm themselves but the detritus 
produced from them, and the smaller Flagellates, which provided the food 
for the Crustacea, and that the dust-fine organic detritus or peritripton, which 
may be introduced into the lake from without, may be of the utmost 
importance in the lime-tree PaJssozoitJ regions. In such lakes the aoo- 
plankton is greatly in excess of the phytoplankton. The lakes of the 

e I have not been able tp consult Naumann’s paper, but rely oii a review of it in A^. 
f. Hydrob: xii. 195JO, j>. 835. 
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lowlands of north and middle Europe are, on the other hand, rich in electro- 
lytes, the phytoplankton is abundant, and the zooplankton feeds on the 
detritus derived from it. 

Considerations such as these offer a possible clue to the understanding of 
the comftosition of the zooplankton, but leave untouched the problem of the 
distribution of the predaceous C'ladocera such as Leptodora, 

The factor which appears chiefly to influence the distribution of the 
Crustacea in this district is depth of water. A fair idea of the relative 
depth of the lakes is given hy the following table, showing the percentages 
of the area covered hy depths of 50 or 100 feet. 

TabIjB 2. — Depths of the ljake«. Figures from H. 11. Mill, 1895. 
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In some cases this does not give a true impression, since, in the case of 
Eiinerdale, Windermere, and UUswater, there are deep and shallow Itasins. 
Mill divides the lakes into a deep and a shallow class, the latter including 
only Derwentwater and Bassentliwaite. 

Now, the species of plankton Crustacea may be roughly arranged as Cold- 
water, Enrytherm, and Warm-water species, and it is found that the 
proportions in which these classes occur in the lakes t’ary in fairly close 
accordance with the depth. It should be noted that, in the following table, 
the lakes are arranged according to the percentage of depth over 1(K) feet, 
but Ennerdale is placed next to Wastwater, in view of the configuration of 
its eastern trough. Windermere and Hawes Water are more or less inter- 
mediate between the deep and shallow lakes in the character of the plankton, 
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bnt the former should be specially studied with a view to seeing i[> us is 
]>robably the case, the plankton ot the deep and the bhullow basin differs in 
composition. 


Table 3. — (^oiiipo&ition of the Plankton. 
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Thi jSorthvTu JJltmmt in the J^lanlcfon. 

Tire general character of the plankton ver\ distinet from the ('entrul 
European and Baltic types and resembles that of SSeothuid. Cliuraeteristic* 
of it is the absence ot Daphnias of the nuf/Z/a^z-group and of Jiosmim 
longirostriB from all the lakes except Es»th\\aito and (vrasinere, and of 
i'eriiidaphnia from all but Windermere and Ehthwaite. 

The general abundance of Bimnina obiHsirohiriB in itself marks the 
plankton as of the northern type, but the following species are also 
characteristic of northern or arctic taken : — 

Ilolopediiun ijihberum, 

Daphnia hyalina s. sir. 

JiythoirepKes longiniiaiiiii 
Polyphemus pediculus. 

IHaptomus laticeps. 

Limnocalanus marrurus* 

Cyclops abyssomm. 

iJiaphanosoma hraehyttrum may be looked upon as belonging to a soutbem, 
warm-water, genus, but it is itself so wideh distributed throughout Euro}te, 
in cold as well as in warm waters, that little importance can be attached to 
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it in this connection. It is found only in the summer months and has an 
extremely short lite-cyclo, a fact which has probably largely assisted it to 
accommodate itself to a great variety of waters. 

Leptodora kitidti^ although in deep lakes it may have a preference for the 
lower or colder strata^ is by no means restricted to deep lakes, nor is it 
characteristic of northern regions. It may rather be regarded as a southern 
element in the fauna. 

Although the crustacean plankton of the Lake District has a distinct 
northern facies, the absence from it otlHaptomuji laciniatus and JJ, merzejskii^ 
which are not uncommon in Scotland, is noticeable. The latter isa eiirytherm 
species of remarkably wide range, but characteristic of jjooIs rather than of 
lakes, but the former is a definitely arctic-alpine species. Diaptomm laticeps 
is a member of the group of northern Diaptomus which is widely distributed 
in Scotland, hut only occurs in this district in Hawes Water and Goats 
Water. It seems probable that it may be a recent immigrant. 

From the point of view of the Grastacea the Lake District plankton 
certainly belongs to the Scottish Highland type, with the addition of a few 
southern forms. r 

It must be admitted that any discussion as to whether the plankton of any 
lake or district has a northern or southern facies is of doubtful value in the 
present state of our knowledge of the means of distribution and required 
conditions of (existence of the different species. Not only is the whole 
question of the relation of the present fauna to the effects of the Glacial 
period far from being clear, but we have little means of knowing to w^hat 
extent Ihe fauna was able to survive that period in its original habitat. In 
the case of the Lake District it seems fairly certain that the present lake- 
basins were filled with ice, and it is probable that the wdiole district was 
covered with a mantle of ice, so that the present aquatic fauna is entirely of 
post-Glacul origin. It has been re-colonised largely by northern species, 
because these species find here, under a lowland climate, the conditions 
necessary for their existence, which are depth of water, form of lake-basin, 
and chemical composition of the rocks of the drainage area. The similarity 
of the plankton of the Scottish and Cumberland lakes, and of both with 
that of some Scandinavian and Irish lakes, may be due in large part to their 
being excavated in ancient lime-free rocks rather than to climatic influences. 
The similarity between the arctic and alpine fauna of Entomostraca may be 
accounted for by unlimited powers of dispersal rather than by the influence 
of the Glacial period. It is true that the evidence from other groups is in 
favour of the current views as to the relation of the alpine to the arctic 
fauna, but we require to know far more about means of dispersal before the 
matter can be regarded as decided. I will give two instances within my 
own knowledge which illustrate the danger of relying on limited powers of 
dispersal and upon the nature of the habitat in speculations regarding 
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post-Glaciul distribution. In 1907 Apiia ranmformUj which liad not been seen 
in Britain for over 40 years, was found in Scotland by Mr. Balfour-Browne, 
bnt had again disappeared the following y(iar. Limfiicythere mirahilis itt 
claimed by Zschokke as a member of the deei>-water fauna of the Swiss lakes, 
which is of northern origin and finds only in deep waters the conditions 
necessary for existence in its southern station. But in 1905 I found this 
species in a shallow ruin-pool near Biskra in Algeria, and 'another species, 
L. indiUj in a stream which irrigates the Oasis of Oumach. 

The Plankton of Knnerdale Water. 

The discovery of Limnoealaims macrurus in Ennerdale indicated at leas! a 
possibility that other “relict” Crustacea might be found there, and made it 
most desirable that the lake should be carefully explored. With tlnV 
purpose in view I visited the lake at the ontl of 8ept<'inf)er 1922, and made 
special efforts to collect the Crustacea of the deep water. The lake is shallow 
at its western end, but the eastern part is a deep narrow trough with u 
maximum depth of 14tf feet. The shores aie rocky, and with a very steep 
slope. 

The weather during my stay was unfavourable, but I was able to search a 
large part of the deep trough with a coarse tow-net and light dredge, and 
also to take plankton samples on three successive night^. Neither Afj/sh 
relicta nor any Ainphipods wore taken. This negative result should be tested 
by examination of the stomachs of ('‘har (Salmo aljnnus).^ Iiut I have not 
been able to obtain specimens. 

Table 4 gives the coniposiHon of the plankton between September 27th 
and 29th. It is of course impossible to obtain accurate information as to 
the vertical distribution of plankton without the use of a closing net and a 
succession of short vertical hauls, but 1 do not think that such accuracy is, in 
general, necessary, and a fair approximation to the truth njay bo got with 
less eflort and simpler means. My own collections were made with an 
ordinary small plankton net, which was let down, together with a weight, to 
the required depth and then towed a distance of alx>ut 100 yards. Naturally 
the net fished both going down and coming up, but the results of the different 
hauls are so distinct that they do in my opinion give information us to the 
vertical distribution. I have not attempted to compare diflercnt hauls by 
absolute numbers, but have counted the individuals of each species in the 
whole or in part of the collection, and expressed their frequency aspiTcentagos 
of the whole number of individugls of all species counted. This method gives 
an accurate statement of the comparative frequency, though not of the absolute 
numbers of any species, and it admits of a comparison being made between 
samples from the same or different lakes however they may have been taken. 
Similar figures are given for Wastwater and tJoniston for purposes of 
compaiisoii. 
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TABiiB 4. — Composition of the Plankton of Ennerdaie, Wastwater, and 

Ooniston. 

The fijpures give numbers of individuals of each species per cent, of whole number counted. 
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It is clear from the table that the plankton is by no means nnifonn 
thronghont the lake either vertically or horizontally, neither is it the same 
by night and by day. 

The chief component of the plankton is JHaptomvs praeilu, which is 
distribnted throughout tiie lake, but is relatively more ubnndant in the 
western end than in the deep eastern trough, and has a distinct preference 
for the surface. The figures given for the deep-water samples must bn 
discounted to some extent, owing to the fishing of the net going down and 
coming up. It is curious that this species seemed to be present in absolutcdy 
smaller numbers on the surface by night than by day. 

Limnoealanus is also distributed all over the lake, but is found only in 
small numbers in the shallow water. It aboumls Imth on the .surface and in 
deep water in the eastern trough, and may greatly exceed 7>. grariUs in 
numbers. Although common at all times on the surface, it is nolicetibly 
more abundant during darkness. 

ITolopedinm gifiberum is only exceptionally found on the surfaci' by day, 
but is common in deep water, and at night forms a large part of the surface 
plankton. 

Bosmina obtvsirofitriji, though apparently fairly common at some seasons, 
was almost absent from the lake at the time of my visit, the few specimens 
taken being in deep-water samples. 

. A curious feature of the plankton was the appearance of Sida ergstalUna 
on the surface at night. It was not taken during tbo day in any collections 
in open water, but occurred in three out of four plankton samples taken at 
night. All these samples were taken at the surface over water 80-120 feet 
deep, the only sample in which Sida was not fonnd having Ikscu taken in 
shallow water. The specimens taken were almost all males. 

Thk Entomortraca of the Takns. 

The occurrence of DiajAonms laticeps in Hawes Water and in Goats 
Water (as recorded by Brady) raised the expectation that the fauna of the 
high tarns of the district might prove to include other .species representative 
of the arctic-alpine Entomostraca which do not occur in the lakes, and, at 
the end of September 1022, I visited some of these tarns and made 
collections in them and in pools and bogs up to an elevation of ulwnt 2000 
feet. The result did not fulfil expectation, since 7). latietpt was not found in 
any tarn other than Goats Water. There was also a notable absence of ^e 
northern forms of Harpaticid, with the exception of Canthoeamphu nutpi- 
daiut, which seems to be comparaUvely common in Spht^um in running 
water where the temperature is low. Nevertheless 1 think the results are 4 ^ 
sufficient interest to be given in some detail. The complete list of g peo if«f' {g. 
shewn in tabular form. 
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1. Floutern Tarn. This tarn, which is fairly deep and contains trout, lies, 
at a height of about 1250 feet, just on the east of the watershed between 
Ennerdale and Cruminock valleys, in a deep hollow in the grassy moor. It 
is on the edge of the area of the Skiddaw Slates, the granite hill of Great 
Horne rising steeply on the south. All around the tarn is swampy ground, 
with trickling springs and hollows filled with Sphagnum. 

The water is dark and peaty, and the marginal vegetation consists of 
fjittm'ella (dominant) and Lobelia. The tarn drains into (/rummock. 
Seven species only of Entomostraca were taken, Bosmina ohtusirostris being 
the dominant species. A large proportion of the females were ephippial, 
but only one male was seen. Very few females carried summer eggs, so that 
the colony was probably at its maximum and about to die out. Diaptomue 
gracilis wns abundant, a largo proportion being males. All were of a striking 
blue colour, but of quite typical structure. 

2. Greettdale Tarn lies, at a height of 1320 feet, on the Borrowdale 
volcanic series at the head of a glen north of Wastwater, West of it is a 
gently sloping moor, while east of it rises the bare rocky Middle Fell. The 
tarn is very shallow, with clear water and stony bottom, the vegetation 
consisting of LoMia, LUtorella^ C allUriehe^ Myriophyllum^ and Jsoeles. 
While I was unfortunately unable to take the temperature, T can say that 
the water was (Oct. 1st, 1922) .«o intensely cold that it was impossible to 
wade out and collect in the open. Eleven species of Entomostraca were 
taken, among which ! >iaphanosoma hrachyurum was the most abundant. 
Bosmina was common, lint none w'ere ephippial. hiajttormis gracilis was 
abundant, and here of a fino red colour*, but the majority were immature. 
Alonopsis elongata was abundant, but none were sexual. 

3. Lerers altitude 1350 feet, lies on the Borrowdale volcanic series, 

and is a rather large, nearly circular, tarn in a barren rocky corrie. It ow'es 
its existence to a morainic dam, but its outlet is artificially controlled and its 
level somewhat raised for the supply of water to the Coniston copper works. 
The floor and sides of the tarn are rocky and without any vegetation, and 
Entomostraca are almost absent. The only species found in quantity was 
Alonopsis elongata^ and, besides this species, only a single individual each of 
Bosmina obtnsirostris and Acroperus harpw were taken in spite of prolonged 
search. On the other band, B. obtusirostris was found common in quite a 
siniiH pool near the tarn. 

The lifelossness of this tarn is rather remarkable, and I can offer no 
explanation* 

Low Waievt at a height of 1786 feet, lies in a circular corrie beneath 
the crags of Coniston Old Man^ and is, as Levers Water, partly dammed for 

e Ward (1901) notes specially the red colour of cupepods iu elevated lakes. 
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the service o£ the mines. It also is rocky, deep, and without vegetation, the 
water rather dark coloured. The fanna oonsi-sted of fonr speoies only, and 
tibese in small numbers. Diaptomus gradlin was here of n rich rod-orange 
colour. A cnrions feature of the fauna was the extreme blackness of the 
AUmoptit elmgata, which proved to be due to the retention of the old shell 
at moulting. The majority of the individuals showed three old shell valves 
adhering and forming “ lines of growth.” In other tarns and in the lakes 
similar individuals were occasionally seen, but the feature was pronounced 
only in Low Water. Lilljeborg mentions the same thing as characteristic of 
specimens of this speoies from the high north of Sweden, and it is apparently 
a character connected in some way with the low temperature of the habitat. 

5. Goats Water, 1646 feet, is a small tarn in a combe on the north-east 
side of Coniston Old Man. It owes its existence to a dam of rocks fallen 
from Dow Crags, and the water from it soaks through the dam and issues as 
a stream some distance below. The water is deep and clear, the shore rocky 
and entirely barren. The fanna was found to be very scanty, but six species 
were taken, the most noticeable being THaptomus laticeps, conspicuous from 
its red colour. 

6. BiglUow Tam, about 2 miles K.E. of Coniston, at a height of about 
600 feet, is mainly of artificial origin, being due to the union of several small 
shallow tarns by the damming of the stream. Lying comparatively low, 
with shelving banks, its vegetation is rich and includes Ngmpluea. Conse- 
quently its fanna is quite different from that of high tarns. Ceriodaphnia, 
Polyphemus, and Posmina longirostris are common, and I’olrox was present 
in such quantity as to give the water a thick green colour. 

7. Sphagnum pools cmd spring waters. 

On the high ground of the Floutern Pass and round the foot of Cunistun 
Old Man there is much swampy ground, often with little rills of running 
water, and occasional pools largely filled with Sphagnum. The water was 
uniformly very cold. 

By the outflow pf Oreendale Tam there are a number of small pools 
generally margined with Sphagnum, but one of them, which was of some 
depth, was choked with Callitriehe and contained some larvw of the Newt 
Molge jsristatus. These larvse were kindly identified for me by Miss J. B. 
Procter, who informs me that they were either newly hatched or only a few 
days old. This very late hatching is very unusual, and no doubt doe to the 
coldness of the water. 

The Sphagmim in running water was commonly tenanted by Canthoeomptus 
euspAatus, a slow-moving pink-coloured Hnrpacticid which is a characteristio 
northern species. In pools and springs the moss contained either C, augn- 
datus, €. zsehoihei, or C.pygmaus, but never more than one spedes in one 
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place. Several species ot‘ ( \f/clops were taken, of which the most interesting 
is (\ cetnislus, wiiieli was common in pools on Floutern Pass and was also 
found by Greendale Tarn. It was somewhat unexpected to find C. nanus in 
pools on Floutern Pass since I regard this species as a warm-water form. 

Ft is worth noticing that Acant/toleheris nirviroittris was only found in two 
high-lying pools. This is a species found in lime-free hog waters, but it is 
ovidentl}' not a cold-water northern form. Alona rusiica and Chydonis piger 
are species of similar preference, and were found rather infrequently on the 
high ground. 

Table 5. — The Crustacea of the Tarns. 
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Highlow Tarn has all the characters of a lowland pool, but the remaining 
tarns described are probably fairly representative of all the high-lying waters 
of the district. Those examined fall into two groups, of the peaty and the 
rocky type, the former represented by Floutern and Greendale Tarns and 
tlie latter by Levers Water, Low- Water, and Goats Water. Floutern and 
Greendale Tarns have a relatively rich ISntomostracan fauna characterized 
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by Diaphafioso)nay while the rocky tarns oE Ooniston have a very scanty 
fanna, both of species and individuals. The brilliant colour, either red or 
blue, of ffracilis in these high tarns is very striking. 

The moans of dispersal of the species is a problem of some obscurity. All 
the tarns are of comparatively recent origin, owing their existence to 
morainic dams or rock-falls, and each, as a rule, occupies the head of a 
lateral valley. 

Keilhack, studying high-lying waters in the Dauphinf? Alps, concluded 
that distribution of species was effected by migratory birds, and that water- 
sheds rarely, it over, exert any influence on distribution. While it is 
imposf^ible to offer any other satisfactory explanation, the agency of birds, 
especially in the Lakeland area, seems to be of doubtful efficacy. A detailed 
survey of the tarns of this compact and uniform district, with special 
reference to the dissemination of species, would probably lead to results of 
great general interest. 


Notes on some o f the Species. 

Limnooalanus maorurus, San. 

The occurrence of this fine Centropagid in Ennerdalo is rather a startling 
discovery, and raises problems of exceptional interest. It was first recogtiizod 
in a collection made by Dr. Pearsall on Sept. 23, 1921, the s^imple con- 
taining five specimens. As a result of this discovery Dr. Pearsall arranged 
for a series of collections to be made in the lake, and I also visited it myself 
on Sept. 27, 1922, but, althougli I am able to give some account of its 
distribution in the lake anil its seasonal cycle, the facts are by no means 
complete, and can only l>6 ascertained by quantitative methods with suitable 
apparatus. So far as information goes at present, the species is very ahun- 
dant in the lake and occurs in every paii of it, at all events in autumn, wliich 
is the period of maximum development ; but it is far more abundant in the 
deep eastern trough, and occurs only in small numbers in the shallow western 
end. All previous observations, by Ekman and others, agree in showing 
that L. macrurtis is only exceptionally found at the surface, and is almost 
entirely confined to water below a depth of 5 metres. Further, the inaxinuim 
temperature of water in which it lives is 14® (?., but even when tlie tempera- 
ture is lower than this it does not come to the surface. In Enuerdale this is 
not the case. The first collection in which it occurred was made on the 
surface (in stormy weather it is true), the temperature of the water being 
14*4® C.,aiid my own collections between Sept. 27 and 29 proved that it lived 
at that time in considerable numbers at the sarfuce, although it certainly was 
more abundant in deeper water, down to about 80 feet. It is impossible to 
give exact figures, since I had no closing net at my disposal, but the figttr(i»l 
given in Table 2 (p. 417) will serve to show the distribution at that time 
writh, I believe, a sufficient approximation to the troth. I was unfortunately 
unable to take temperature observations. 
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Diurnal migration o£ the species was strongly marked at the time of ray 
visit. On three successive nights surface plankton samples were taken over 
the shallow and medium (50-70 feet) depths, and in each case Limnocalanm 
was found in much greater numbers than during the day. The figures in 
the talde do not bring out this fact so clearly as would have been the case if 
absolute numViers could have been given, but the difference between day and 
night plankton was quite obvious and striking on the spot. 

So far as concerns seasonal distribution, the facts with regard tc Limno- 
tuxlanus in Etinerdale are somewhat uncertain. Ekman has shown that in 
the Baltic lakes tliere is only one breeding-period — in autumn. Young 
appear first in March, and by May the first-hatched young are fully grown. 
Blit there is then a period of about fire months during which little or no 
grow'th takes place and the geiiitiil organs remained undevelo])ed. Sexual 
maturity is reached in autumn, and breeding begins in November at a 
temperature of about 7° C. The adults of the previous year die off in 
spring and all have disap[)enred by May. 

Dr. Pearsall’s collections may be regarded as indicating a similar life-cycle 
in Ennerdalo, but are by no means conclusive. Neither young nor adult 
were taken on Feb. 18, but two adults and many young were found in 

a sample from the shallow end of the lake on April 20, though, curiously 
enough, none at all were taken in a deep-w'ater collection on the same da}". 
Jn June and July no young, but a very few adults, were taken; but in 
October adults wore common in 60 feet of water. It seems safe to say that 
young are only found in spring, and that adults are abundant, and even the 
commonest plankton species, in September and October. 

The interest of this species lies more, however, in its geographical distri- 
bution and its origin as a member of the fresh- water fauna, and it is necessary 
to go into this question in some detail since its occurrence in Ennerdale 
raises a particular difficult geological problem. 

Ekman has iieult exlxaustively with the structnre and distribution of 
L. ( 1913), particularly with reference to the Baltic area, and his 

results may he .suiiiuiarijsed as follows : — 

1. L, macrtirus of fresh- water lakes is not specifically separable from 
/i. (jnmaldiiy which inhabits brackish water in the Baltic and Caspian Keus 
and along the coasts of Alaska and Siberia. 

The differences are ; — 

(a) Shape of head, the dorsal contour being more swollen in Z. xnaerurus.' 
(i) In Z. ffrimaldii the last thoracic segment is rather triangular or 
pointed, or may have a minute hook-like projection, whereas it 
is rounded in' Z. macruriu. 

(c) Tlie antennsB are longer in Z. grimaldn. 

{d) The furcal rami of Z. gnmaidii ai*e longer than in Z. macrurus. 

While the two extremes are readily distinguished, they are united by 
looal varieties presenting every intermediate condition. 

31 * 
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2, In Europe L. mnkcruriiH is only found in lakes which can be proved to 
have been separated from the sea in post-Glacial times. It is therefore a 

relict ” form in the strictest sense. It has .not arrived in any of the lakes 
it now inhabits by active migration. 

J$. The shape of the head in L. macnirus, while not at all variable among 
individuals in any given lake, varies greatly according to the locality, and 
it can be shown that those lakes (in Europe) which contain the extreme 
fresh-water form have been separated longest from tlie sea, whilst in more 
recent lakes the Limnocalanus approaches more nearly to the grimaldi 
form. 

4. It is evident that L. grimaldi} is the parent form, and that L, macrurus 
is a variant from it which has arisen independently in many places, the effect 
of the change of medium being always in the same direction.! 

5. The first step in the transformation occurred in the Baltic during the 

Ancylus Lake period, and the Baltic lakes in which ]Amnocalanu» occurs 

are relicts of the Ancylus lake. 

With the most interesting speculations of Ekman on the subject of the 
origin of species founded on these facts we have no concern here. 

Now, while it seems to me that Ekman ’s conclusions with regard to the 
Liv/inocalanus of the Baltic area and of the Caspian Sea are entirely well 
founded, there are certain criticisms to be made, and it is difficult to extend 
his explanation to the Limnocalanm of Ennerdale and the lakes of North 
America in which it occurs. 

In the first place I cannot unreservedly accept Ekman’s basis of measure- 
ment of the head form on which much of his argument depends. Ekman 
has adopted the following system of measurement : — 

(1) Head-length — to the dorsal groove immediately in front of the mandi- 

bular muscle. (See text- fig. 2.) 

(2) Head-height — B— expressed as a percentage of half the head-length. 

(3) Height of vertex above or below the dorsal line of the thorax expressed 

as a percentage of half the beud-lengili. 

The last measurement is negative in all the grimaldii forms, and positive 
only in the extreme macrums forms where the dorsal contour of the head 
swells up above tlie dorsal line of the thorax. 

While the first and second measurements are fairly definite and extra- 
ordinarily constant, the third seems to me so uncertain as to be of little value, 
since (as Ekman has himself pointed out) the selection of a dorsal horixontal 
base-line is a matter of guess-work. I have been quite unable to find agree- 
ment between his own figures for this character and the drawings of the 
specimens from which the measiiremenis were taken ; in fact, these measure- 
ments cannot, as Z believe, give a real definition of the shape of the bead, 
which can only be shown in a drawing. Still, for purposes of comparison, 
I give, in Table 6, measurements taken hy Ekman’s methods for the 
Sfinerdale and other forms. 
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It is evident that, i£ L, yrimaldii be the parent form, those races which 
approach it most nearly in shape oE head and in other respects may he regarded 
as most nearly related, and consequently more recently separated from it* 
It is therefore of some interest to apply Ekman’s system of measurement 
to races other than those of the Baltic region, and to see if hy that means 
any clue to their age may be found. 


Fi<i. 2. 


A 



Limuocalanm macninM from Ennerdale, showinpr method of measurement. 
A. Headdength. B. Head-height. C. Crown-leTel, 


Table 6. — Measurements of Lhnnoealatuts macrtirus and L. yrimaldii. 


Figures marked * are taken from Kkman, 1914. 
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I possess a few specimens of L. grinialdii from the Caspian Sea which 
were given to me by ibe late Canon Norman some yeiirs ago, and by the 
kindness of Dr. C. Jnday I have had the opportunity of examining 
Zr. macrurus from Green Lake, Lake Eric, and Lake Canandaigua (one of 
the Finger Lakes east of Lake Ontario). Dr. S. Ekinan also lias been good 
enough to send me specimens from Lakes Malaren and Insjdn in Sweden. 
Measurements of these races are given in Table 6. 

So far as the numerical expression of the head-form goes, the Ennerdale 
race cannot be compared with any of the Baltic races, since in none of them 
is so great a head-height accompanied by so low a crown-level. The only 
race with similar bead-height (Lake Mjosen) has a dorsal swelling rising 
above the horizontal dorsal line. On the other hand, the high, evenly- 
rounded dorsal outline rather closely resembles Ekman’s tigure of the race 
from Unden in Sweden, though that race has a crown-lieight according to 
his measurements of only — 6. It seems that in respect of this character the 
Ennerdale race stands soniew'hat apart, but that it must have been evolved 
from the ^Wi»?a2dii-type at a comparatively remote period. 

The North American races differ but little in head-form, and eonrorin more 
closely to the Baltic type- Both have a posterior more or less horizontal j»art 
with an anterior descending slope, and agree very closely in apjx^arance w’ith 
the Malaren form, though the measurements do not agree very w-ell with 
those given for that race (PI. 23. fig. 6). But, as compared with the Enner- 
dale race (PI. 23. fig. 1), specimens from North America certainly approach 
far more nearly to the grimaldii type, and are consequently to be regarded as 
of more recent origin. 

This conclusion is strengthened by a consideration of the other characters 
in which the two forms differ. 

(1) The true grimaldii form of the Arctic Ocean (examjdes from Jana 
River) measure over 3 mm., while the somewhat modified form of the Baltic 
may also attain 3 mm. (Gulf of Finland). It is, on the other band, roughly 
true of the Baltic area that the oldest fresh-water races arc the smallest 
(Sommen 1'87 mm.. Unden 1-72 mm.). iSmall size is therefore to some 
extent evidence of prolonged sojourn in fresh water. In respect of this 
character the Ennerdale race (2-18 mm.) holds a more or less middle position. 
The race from Lake Erie, on the other band, is one of the largest known 
(2-86 mm.), greatly exceeding any other fresh-water race and exceeded only 
by those of North Siberia and tbe Gulf of Finlmd in salt water. The 
Green Lake form, though similar in structure, is but little larger than tliat 
of ibe Ennerdale race. 

(2) The antenna in the true grimaldii form reaches to the base of the furca 
or even further (PI. 23. fig. 5), whereas in typical Z. macrums it does not 
extend further than the first abdominal segment. In this respect the Bnner- 
daje race belongs to the extreme fresh-water type, while those from North 
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Aiiierieu have tbo autenn^o slightly longer. In the Malaron race, which is 
one of the most primitive forms, the aniennse in the female may reach to the 
base of the furca. 

(3) The length of the furcal rami in proportion to the whole body differs 
in different lakes, but the published information on this point is too scanty 
to admit of a definite conclusion as to whether there is any connection 
between the shortness of the furca and the length of sojourn in fresh w^ater. 
The furcal rami of the Ennerdale and the American forms are notably 
shorter than those of the grimaldii form from the Caspian, but, on the other 
hand, both the Malaren and the Tnsjon races have these rami as long as or 
longer than those of my Caspian specimens. 

(4) The pointed triangular form of the lateral expansion of the last thoracic 
segment has been given by Prof. Sars as one of the distinctive characters of 
L. grimaliHiy since in all the fresh-water races this segment is simply rounded. 
I find in my (Caspian Sea specimens that this segment is produced laterally 
into a very well-defined point (PI. 23 . fig. 5), and it is important to note that 
a similar point is to lie found in some of the specimens from Green Lake and 
from Lake Canandaigua, uiid very rarely also in tliose from Lake Erie, 
while the Ennerdale race has the segment simply rounded. This character, 
small as it may ap]jeur, seems to be of importance in indicating relationship 
with the parent form, and the North American race must for this reason also 
be regarded as of comparatively recent origin. The primitive Malaren race 
has this segment generally very slightly angular, and occasionally there is a 
definite point as in L, grimaldii (PL 23 . fig. 8). 

It is remarkable that, in spite of the considerable differences in general 
body-form betw’een the brackish and fresh-w^ater races of Limnocalanus^ 
there, is no appreciable difference to be found between any of the appendages 
of the two forms, except as regards the length of the antenniiles. I have 
compared the appendages of the seven races available to me, and find the 
agreement perfect in almost every detail. There is, however, one very slight 
difference which may be peculiar to the Caspian race, namely the absence of 
a spine on the outer distal angle of the first joint of the exopodite in the 
right fifth foot of the male. Prof. Bars does not figure a spine in this 
position, neither was it present in a specimen examined by me, but it is 
present in all other races of which figures are published. 

Having dealt, so far as I am able, with the biology and structui e of the 
Ennerdale and North American races of Limnocalanus in comparison with 
others, there remains the consideration of the question ns to wliether these 
raoes can be regarded as ^^reUots” in the same sense as those of the Baltic 
area. 

It must be admitted that in neither case can any definite answer be given. 

There can be little doubt that the whole of the Lakeland area was 
completely covered by ice daring the Glacial period, though the view' that 
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the lakes themselves are glacially-eroded rock-basiiis is not universally 
admitted. In any case, however, the fauna must have reached these lakes 
after the withdrawal of the ice. 

According to Clifton Ward (1876) the passing of the Glacial period was 
immediately followed by a submergence of the whole district by as much as 
2000 feet, which would leave only the hi'gliest ground projecting as a 
number of small islands in the midst of an arctic sea. If a submergence to 
this or to a much smaller extent can ha admitted, then L. inacrurus might 
w’oll be a relict of this sea left in Ennerdale. Unfortunately Ward's 
conclusions are not admitted by geologists of the present day, though I have 
not been able to find in any literature available to me any serious discussion 
of the question of post-Glacial changes of level in this district. I'hc matter 
is hardly referred to in Marr's ‘ Geology of the Lake District/ but 
apparently he does not admit a submergence of more than a few feet, winch 
could not have made any material difference to the distribution of land and sea. 

If a submergence to an extent sufiioiont to bring the sea in the ^ir^t 
instance into direct connection with the Ennerdale basin cannot be conceded, 
there are only two alternatives. Either the interpretation of the geological 
facts is wrong, or a marine species lias either been able to migrate for miles 
np a rushing stream of fresh water or has been transported directly into the 
lake. No biologist would for a moment consider such migration or trans- 
ference to be even conceivable. It must he remembered that we are dealing 
with a species which occurs in this one lake only in the British Isles and 
cannot have been transported to its present habitat from any other lake in 
Britain. 

Even if Clifton Ward's great subinergence could be proved true, it is still 
a little doubtful if it would satisfactorily explain the facts. Our knowledge 
of marine relicts seems to point to the conclusion that transformation of 
marine species into fresh-water relicts has rarely happened, and only in cases 
where very large areas of water have been involved. Thus the />. macrurus 
of the Baltic area owe their origin to the transformation of the Yoldia Sea 
into the Ancylus Lake, rather than to the separation of lakes from (he Yoldia 
Sea itself. In other words, L. grimaldii was transformed into a form of 
L. macrurus in ibe Ancylus Lake and not, in the first instsince, in the 
existing inland lakes. Similarly, we should not expect that a race of 
L, grimaldii could have survived in so small a lake as Ennerdale itself even 
if it could be shown that the lake had itself been cut off from the sea. 

To explain the occurrence of this species in Ennerdale in the same way as 
its occurrence in the Baltic lakes, it is more reasonable to assume that the 
Irish Sea itself has passed through a history somewhat similar to that of the 
Baltic, having been ebanged from an arctic sea containing X. grimaldii to a 
fresh or brackish water, and finally to its present condition, and tliat during 
the second phase X. grimaldii became in part transformed in the direefion of 
TMerurus* Farther, that conditions were such that, on the r^owed 
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entrance of salt water, immigration into Ennerdale was possible. I must 
freely admit that such a supposition is not supported by the geological 
ovidence, but it does not appear to me to be an altogether impossible 
assumption in view of the following facts. 

There is evidcmco of a subsidence of land immediately after the withdrawal 
of the ice, and of a later elevation at a time when the submerged peat-beds 
and forests were formed. But the amount of the latter elevation is uncertain, 
and there is no positive evidence of a rise of more than GO feet. On the 
other hand, the occurrence in Ireland of the Red Deer and Reindeer seem to 
nec<*ssitate the supposition that there was some land connection between 
England and Ireland in neolithic time^ and, as Jukes-Browne has pointed out, 
firstly it is jmssiblo that this elevation nia}* have been greater than has been 
supposed, and secondly it is very probable that the floor of tlie Irish Sea, 
which was thickly covered by drift, has been greatly eroded and re-modelled. 
It may consequently have been at so much higher a level that a comparatively 
small elevation may have sufficed to effect a land connection with partial or 
complete damming off of the sea. 

Dr. Scliarff has assumed fhe existence of a grefit lake occupying the 
trougli of till* Irish Sea to explain the present distribution of the genus 
( \)ri'i/onuii in Britain and Ireland, and if such a lake could have originated 
by freshening of a CJlucial sea, not only might L. firimaldii Lave been therein 
isolated and transformed, hut also Mf/sis ovulata c‘ould in this way have been 
changed into AL relida and have reached its present station in Lough Neagh. 

There are two obvious objections, namely that Al. relicta does not live in 
Ennerdale and L. macrunts does not occur in Lough Neagh. Further, that 
conditions which would allow the latter to reach Ennerdale should also allow 
it to reach Wastwater and perhaps other lakes. To these objections not 
much iniporiance need be attached until more is known of the conditions 
which deb rinine the distribution of fresh-water Crustacea. Not only does 
the plankton of Lough Neagh differ radically from that of tlie English lakes 
in general, but these lakes <liffer unaccountably among themselves, and 
Wastwater and Ennerdale, alike as they seem to be in physical conditions, 
contain quite different plankton. Hence it cannot be assumed that a species 
would establish itself in every lake to which it bad access. 

It is equally difficult ti> explain the distribution of Limnocalanus in North 
America. Its distribution follows rather closely that of Mysia relicia^ as 
shown in Table 7, page 434. 

Z. macrurus therefore occurs in all the great lakes and in a number of 
lakes belonging to the same drainage system, but not, so far as I can find, in 
any lakes outside this region, 

So far as the origin of these species is concerned, the view once held that 
the Great Lakes were themselves at one time invaded by the sea and that 
Jlf. relicta is a true relict within them has been generally abandoned, but at 
the same time there appears to be no donbt that the sea did, at a late stage 
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in the })ost-G'lacial history of the region, penetrate up the St. Lawrence 
valley and flood the basins of liake Ontario and of Lake Champlain. At 
this time there existed an eastern outlet from Lake Huron through the 
Ottawa valley. The marine deposits of this stage are found at a height of 
400-500 feet by Lake Champlain and at 600 feel near the east end of Lake 
Ontario. It would appear that we have bore all the conditions necessary for 
the isolation and modification of these two “ relict species, but thero are 
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two great difficulties in the w^ay, namely the absence of Mffnh relicta from 
Lakes Ontario and (^hamplaiii and the existence at or before that time of the 
Niagara Falls, which would be an effective bar to migration into the other 
lakes. On the other hand, the absence of a species from a lake at Uic 
present day does not necessarily prove that it has never existed there, and 
the occurrence of both s{>ecies in the Finger J^akes, vOiich form j»art of the 
drainage system of Ontario, seems to he good evidence that they have 
reached these lakes from Ontario. Their penetration into the other Great 
Lakes must, one must suppose, have taken jilace by way of the Ottawa con- 
nection, and in any case we are forced to assume for L. iaacruriti a oupacity 
for active migration up rivers which is denied by Ekinan. 

* So far as 1 know, there is no puhllabed record of the occurrence of XifiifiocoArim in 
Lake Ontario, but Dr. C. Juday informs me that he has found it in a plankton sample frojn 
this lake taken by Or. N. A. Clement in October 19:?2. 1 am greatly indebted to Dr Juday 
Ibr this information. 
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The recent didcovery of another species of the genus {L, johanseni^ Marsli) 
in a tundra pool in Alaska seems to raise a new problem altogether. But 
Marsh’s description is very short, and it is not clear that this new species is 
really distinct from L. yrimaldii or L. macrnrus^ the only <;ssential difference 
mentioned being the shortness of the furcal rami. It is important that this 
species should be fully described and its distribution ascertained. 

DiaPTOMUR L ATI CEPS, Savi. 

Syn. 2>. hirem, Brady. 

BradyV species, D, hircusy was established in 1891 on s|)ecimens taken 
from Goats Water, an elevated tarn on the slopes of Collision Old Man. 
There c^n be no doubt that his species is identical with laticepSy from 
which it differs in no essential character. 

It is an arctic and alpine siiecies occurring mainly in Scandinavia, but 
recorded from Akmolinsk in Russia, the Julian Al]>s, Serbia, and 
Herzegovina. It has also been taken in several lakes in Scotland and in 
Ireland. 

The only lake in the Lake District in which the spocies is found is liawes 
Wat<n’, which is the highest of all (694 feet), and for that reason may have 
a different temperature. It seemed likely that IK laticeps might be common 
in the high tarns of the district, but, as T have said in my notes on these 
tarns, thi^ is not the case. On the other hand, our knowledge of the fauna of 
these tarns is very incomplete, and it may prove to occur in the tarns of 
Harter Fell and to have reached Hawes Water from thence. 

Cyclops abyssorum, Sars. 

This species has U»en found in all the lakes examined with the exception 
of Eiinerdale, Dervveiitwater, Bassenthwaite, and Esthwaite. In Ennerdale 
no limnetic species of Cyclops was seen in any of the sainfdcs taken either 
by Dr. Pearsall or myself, but Brady has recorded the occurrence there of 
C. ncinxts. Tlie occurrence of that species in the plankton of this district 
seems most unlikely, and it is more probable that Brady hud specimens of 
C. ahyssommy in which case the species once inhabited Ennerdale but has 
now disappeared. 

Prof. Brady has recorded the occurrence of this species in Windermere 
and Couiston in deep water in Aug. 1883, and Prof. Sars, in his ^ Crustacea 
of Norway,’ deseribes it as inhabiting only the deeper layers of water. My 
own collecHoiis in Wastwater and Couiston show that, though it is found in 
autumn on the surface, it is distinctly more abundant in deeper water, and 
its absence from Derwentwater, Bassenthwaite, and Esthw^aite is no doubt 
largely due to their small depth. It is replaced in these lakes by C\ lenekarti. 
In 1911 a few specimens were taken by me in Bassenthwaite., but it is 
evidently not an established member of the plankton in that lake. 
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The seasonal cycle of the species cannot be determined witifi certainty 
from Dr. Fearsairs collections, which were mostly taken on the surface, and 
therefore are unreliable in the case of a deep-^vater species ; but a careful 
comparison of the records from the different lakes leads to the conclusion 
that there is only one period of breeding, namely in the autumn, and that 
the adults die after breeding, the species passing the winter either in the 
form of resting-eggs or as nauplii. In all tlie lakes mature specimens ivere 
rare or absent in spring and early summer, but were abundant in collections 
made between August and November. Females bearing eggs vrere found in 
Hawes Water in August, but in the other lakes only in September or 
October. If this is a true statement of the breeding cycle, it resembles verj*^ 
closely the cycle in L. macrurus — another cold-water northern form. On the 
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other hand, Scheffelt (1908) and Burckliardt (1900) found two breeding- 
periods in the Cyclops of the slrenuus-^gTOXxp studied by them in the Black 
Forest and Swdss Lakes respectively. It is not, however, clear with what 
race or species these authors were dealing, since the species of this group 
recognized by Bars and Lilljeborg as distinct have not been generally 
admitted, and many writers have followed Schmeil in including all within 
the species C\ strenvus. It seems cortaiu that the three species C. lacustrUy 
C. scutifer^ and < vicinus should be maintained. Whether C. abyisorum is 
sufficiently distinct from <7. strenuus as defined by Bars is rather more 
uncertain, but the evidence goes to show that if is a limnetic and cold-water 
representative of C. strenuus^ which it is convenient to distinguish. It is 
readily distinguished from typical (7. streams by the greater length of the 
antennm, of the furcal rami, and of the furcal setse. The much gm^ter 
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relative length of the innermost seta in C. abyssorum is perhaps the easiest 
character by whicli the species may be separated, but Prof. Bars has 
enumerated a number of details wherein the species differ. It is to be hoped 
that Prof. Sars^ limitation of these species will be followed, since it is most 
probable that they will be found to have different life-cycles and diflerent 
habitats ami distribution. The general adoption of Schmeirs definition of 
C\ strenuus has made comparison of statements with regard to these questions 
unreliable and indeed valueless. So far as published information goes, it 
seems that ( \ abyssorum is confined to northern lakes, and is absent from 
Swiss lakes, where apparently a form resembling C. scutifer takes its place. 

The Luke District species is undoubtedly €• abyssotntm^ though the form 
of the receptaculum differs to some extent from Prof. Sars’ description and 
agrees more closely with that of C. lacustns. 

Those who (e.//. Graeter, 1903) accept the species <\ strenuus in its wider 
sense lay gremt stress on its variability, and it might be supposed, if their 
view is correct, that great differences would be found between individuals 
from different takes. This is far from being the case. In general form of 
body — particularly in the expansion of the last thoracic segment — there is, 
so far as I can find, no appreciable variation. In size, in the length of the 
fnrea and the relative lengtli of the furcal seta) there are differences, hut 
they are not great. In Table 8 I have given measurements of individuals 
from seven of the lakes. These are, in the case of the first four, averages 
from ten specimens, but in the remainder of from two to six. 

It will be seen that the smallest specimens are from Wastwater and the 
large.«t from Windermere and Grasmere, which is liardly according to 
expectation. Those from the “primitive lakes agree in having the longest 
seta), together wdtli rather long fnrea, but the longest furca is found in 
Grasmere. The diflerences are, how’ever, by no moans sufficient to bridge 
the gap between ( \ strenuus and (\ abyssorum^ 

It is rather remarkable that the colour of the Lakelnnd individuals is 
commonly a very pronounced yellow. The species has not, in fact, at all the 
general appearance of a limnetic form, but rather of an inhabitant of ponds 
and ditches. 

Gvclops venvstus, JKorman S; Scott. 

Syn. C, ef*inituSf Graeter, 1008. 

Cyclops veniistus was described in 190C * from specimens taken from 
marshy ground on Exmoor. It has since been found by Mr. D. J. Scourfield 
on Exmoor and Dartmoor, and by me in the Bog of Allen, near Newbridge 
in Ireland* It appears to be a species confined to lime-free waters, and may 
be included among what may be called the Sphagnophil Entomostraca, siicli 
as AcanthoUberis euriirodris^ Chydorus piyer^ Moraria hrecipes^ etc. 


• < Crustacea of Devon and Cornwall/ p. 189 (London, 1906). 
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The description given by Norman and Scott is not altogether complete^ 
inasmuch as no mention is made of the peculiar markings on the integument, 
vrhich are quit<' distinctive, and the allusion to the swimming-feet as being 
similar to those of C. vernalis is mi'^lcadiug. It seems therefore advisiible 
to supplement their description to some extent. 

The most characteristic feature of the species is the very pronounced 
crenulation of the margins of the abdominal segments and (to a less extent) 
of the last thoracic segment. The surface of the integument of the thorax 
is marked by delicate strife which give it the appearance of being minutely 
wrinkled, while the surface^ both dorsal and \entnil, of the abdominal seg- 
ments is either striated or ornamented wdth lines of minute pits similar to 
those found in T. diaphanus. These pits seem to run, at least on die dorsal 
surface, on the crest of low ridges, which can be distinctly seen in side view. 
The furcal rami are provided, as in (\ viridis^ with cilia on their inner 
margins, but these cilia are in groups and do not form a continuous 
fringe. Usually the anal operculum is very promincut. 

The swimming-legs differ markedly from those of (\ vfirnalh not only in 
their more robust form, but also in the number of spines and setfc on the 
terminal joint of the outer ramus (see Table 9). But (\ reruath is subject 
to some variation in respect of the number of spines, and it is not unusual to 
find individuals with a spiue-like forimila of 3. 4. 4. 4. as in ( \ rentfstin ; but in 
these cases the number of seta* is not increased. C, vermlis also resembles 
C. venustus in frequently having the cuticle of the abdominal segments 
pitted. The two species are, however, quite ilistinct, the form of the furca 
alone sufficing to distinguish them, apart from the differcnccb in the form of 
die swimming-legs and the excessive pitting of the cuticle in C. rejmsins. 

The resemblance to C. capUlatus, Sars, is somewhat closer. The antenna* 
are 12-jointod in each species ; the form of the receptaculum and the 5th leg 
is closely similar, and the spine- and seta-formula of the legs is identical. 
On the other hand, the legs of C. capillalus are distinctly more slender, and 
the furcal rami much more elongated and smooth on their inn<T edge. 
Further, though the abdominal segments show a slight toothing of the 
posterior margins, this is not pronounced, and I have not been able to detect 
any surface pitting in specimens from Norway which I collected many years 
ago in the Ronisdnl. 

There remains for comparison the species described by Graoter in 1908 
under the name of C. vriniiuB. M. Chappuis has been kind enough to send 
me a mounted specimen of this species, and an examination of this specimen 
and of the published desorijitions of Qraeter and ( Uuippuis convinces me that 
the two species are identicah They agree in the following characters, 
wherein they differ from most other species 

(1) Antennule of 12 joints. 

(2) Furcal rami short, slightly divergent, with groups of ciUa on their 

inner edge. 
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(3) Median seta of the furcal ratni of iinnsual length. 

(4) Outer seta of the tiirca of half {crinitus) * or scarcely more than half 

(venUBtus) the length of the inner seta. 

(5) Swimming-legs with the same spine- and seta-formula t — a formula 

only found otherwise in C, capillatus^ Sars. 

(rraetor states that the abdominal segments are jagged and that the surface 
of the cuticle is pitted over the whole body, but I have not been able to sec 
this in the specimen, owing, no doubt, to its transparency. 

Since Graeter’s name is later than that of Norman and Scott, 1 have 
therefore regarded it as a synonj’^m of C. remistvs. 

Tt is evident that this species and C. viridisuro very closely related, as has 
already been pointed out both by Graeter and by Chappuis, but they are 
certainly distinct. 

This species was found to be not oncommon in Sphaymim pools near 
Greendale Tarn and on Flontern Puss. 


Table 9. — Showing spines and seta; on last joint of the exopodite 
in species of the C. riWrfw-grouj). 




(Ujchp^ iviitiffus, Norm, &, Scott . . 3 o 

ttrinifw, Grnettjr | ■ 

ririfUtt, Fischer 2 ' 4 

,, vapiliatw^ Sara 3 o 

pcr/w//w, Fischer *2 I 4 , 

vfrnaUn var 3 ’ 4 

„ i'ohmtuSf Sars ; 3 3 



SiDA CBYSTALLTNA, 0. F. Mvell. 

H. eiystalKna is a littoral species not properly, or at least generally, 
belonging to the plankton, thongU frequently recorded as occurring in open 
water. In the Lake of Geneva, Lake Couio, Lake Maggiore, and other 


* In the Bpecimen which I have examined this seta is more than half the length of the 
inner seta, and so agrees com^etely with C. venustuB, 
t In the specimen at my disposal it is impossible to count the spines and setas with 
eertidnty on legs* X have given hi the table only those which were beyond doubt. 
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large Swiss lakes, however, it appears to be a regnlar member of the 
plankton, and Burckhardt has described the form there found as a distinct 
species — ->S. limneitca^ character ixed cliiefly by the absence of a nuchal organ. 

In the Lake District it was found in small nnmbers in the majority of the 
collections fiom Derwentwater, so that it may probably be regarded as really 
limnetic there, wheieas the few recoids of it troin Bassenth'waite may bo <lne 
simply to migration from the littoral region. The same is the case with 
Esthw^aite and (IraHinere. ()ii the otlier hand, my e\perionc<* of night 
collecting in Ennerdale seems to show that this species, though remaining 
in the littoral region during the dd}, may take to the open water at night. 
(See p. 422.) 

All the apocimens from the Ijuke Distiict weie of the topical form, with 
well-developed nuchal organ. 

Holopedium fiTnBERi"M, Zaddaoh. 

The distribution of Holopedntm in the Lake Distiiet is somewhat ]>eeuliai. 
It is recorded by Beck troin Easedale Tarn (915 feet) and from Windermere, 
and it also occurs in Grasmere (P. A. Buxton, Sept. 1912) and Rjdal Water 
(D. J. Scourfield). In Ullswater it was found in Sept. 1912 and on Aug 20, 
1920, but not in any other collection made by l)i. iVar«»all In Biinei<kile 
it was present in \er) small numbers in three out of se^en collections taken 
by him, but was abundant in my own collections in Sept. 1922. So lar as 
is known at present it does not occur in an> other lake in the distiict 

Easedale Tarn, Giasinere, I{yd«il, and Wiiidcimere form pa it of the same 
drainage syst(*m. The fact Irbat it has so rarely been taken in Wimlciimn’o 
inav possibly be due to its being occasionally cariied into the lake, but not 
boeomiug establishcfi there ; but it is more probable that it is not uiiitorinly 
distributed in the lake, and also that, being a deep-water form, it is not 
taken in surface plankton. In Ennerdale it is fairly evenij distributed in 
both shallow and deep parts, but it is rare on tlio surface during the day- 
time, preferring deej) w ater. At night, how ever , it is abundant on the surface. 

This preference for the deeper lajeis of watei does not apjiear to he 
generally chanicteristic of the .species, since Scheffelt (1908) states that it is 
found at the suiface at all times; but he also found it to be unevenly dis- 
tributed and to occur in swarms, Lilljeborg notes the same thing in 
Sweden. 

It is generally regarded as a Glacial relict,” being confine 1 to nortliern 
regions or to cold water. 

The Daphnia. 

The increase of knowledge of local and seasonal variation among the 
limnetic Daphnias has led to the general recognition that any division into 
well-defined species is impossible. All are therefore regarded as belonging 
to one species, I). loi\gupim, within which an almost infiuifo number of 
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subspecies/’ "‘varieties/’ and forms have been described. I do not 
propose to discuss the question of the systematic arrangement of these 
Daphnias, but it seems to me that the enlargement of the significance of the 
name />. longispina in this sense has serious disnd vantages, and that the 
suggestion of Langhans that a new name, 1), variabilis, should be introduced 
to include the whole series of these variable Daphnias might with advantage 
be adopted. The question can, however, hardly be regardevl as finally 
settled, and, for the present, it is more satisfactory to accept Lilljeborg's 
longispinaj hyalina^ and cumUuta^ whilst fully recognising that the throe are 
united by transitional forms. 

All the limnetic Daphnias of the lakes belong to the “ species 
with its “ subspecies galeata and lacustns. Beck has recorded the occur- 
rence of />. cncullata (under the name Hyalodaphnia berolinensis)^ but this 
species has been seen in the district by no one else, and it is probable that 
ho was mistaken. Daphnia is ubsnnt altogether from Wastw'nter and 
Ennerdaie Water, an<l apparently also normally from Basgonth watte. There 
are none from the latter lake either in Dr. Pearsall’s collections or my own, 
and Mr. Scoiirfield informs me that he also failed to find it there. On the 
other hand. Miss Pratt records both JK and IK longispina as occurring 

in April 1898, so that apparently some species occurs there at times. As 
Bassenthwaite receives the overflow from Derwontwator which contains an 
abundance of Daphnia^ it is very renuirkalde that the same form should not 
establish itself in Bassenthwaite. 

The distribution of the diflFereiit forms of Daphnia in the <listrict seems to 
hear little or no relation to the drainage system. While Buttermerc and 
(h'ummock, which were originally united into one lake, both contain the 
typical y>. hynlinaj which occurs in these lakes only, the Daphnia of 
Esthwaite is quite different from that of Windermer^^, into which Esthwaite 
drains, and the same form, D. galeata, inhabits Windermere and Coniston, 
which are not connected in any way. 

Daphnia hyalina s. str., in Buttermere and Cruinmock. 

In the form from these two lakes the front of the head is usually very 
nearly straight or slightly concave (text-fig. 3, A) : but it is very variable, 
and may occasionally be distinctly convex as in JK pellueida. In a collection 
made on Aug. 27, 1920, several specimens were seen with the front of the 
form shown in text-fig. 3, B. An exactly similar variety is illnstraied by 
Lilljeborg (1900, pi. xv. fig. 4) as “/bnna mtiviilis nionstrosa.^^ It is 
characteristic of the Orummock Daphnias that the shell-spine forms a con- 
siderable angle with the body axis — from 20^-40°. Although I regard this 
form of Daphnia as properly referable to JK hyalina s, str., Lilljeborg, in ^ 
some respects the population is transitional on the one band to lamstris 
and on the other to /)» peltudda. 

lilNK. jr0trBN.~200L0aY, VOL. XXXV. 3*2 
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Tti a plankton sample of Sept. 1912 a sinj^le specimen was mot with which 
obviously belongs to i>. paleata (text-fig. 3, C). I do not think that this 
specimen can be regarded as a sport or mutation from D. hyalina^ but rather 
as an instance of the transport of an ophippium from Coniston or Winder, 
mere. I f this be so it goes to show that these lakes are not so isolated us 
would appear, and that interchange of species is not infrequent. Tf, in spite 
of such interchange, the Dapfanias inhabiting the different lakes remain 
distinct, it is evident that the local races are established by right of survival, 
and it leads one to suppose that, ditBcult as they may be to separate, yet they 
may represent fixed species. Our conception of species is determined mainly 
by our ability to discriminate individuals by fixed and measurable standards ; 
but not only are physiological differon<*e8 largely ignored or are unmeasurable, 
but two races separated only by minimal mean differences may be just as 
real specific units as tho.se distinguished by obvious characters in all indi* 
viduals. Tho evidence goes to show that a single lake as a rule is inhabite<l 
by oue race of limnetic Daphnia only, and, although within such a race 
extreme forms are commonly found, it is obviously of no use to give these 
variants names, as has frequently been done in the past. But, with tliat 
exception, it seems advisable in the ]»resent state of knowledge to recognixe 
all well.marked r.ices as distinct rather than to treat all as variants of one 
collective species. The question of real specific distinction cannot, 1 think, 
be (ieterinined by laboratory experiment, neither is the fact that the winter 
forms of a number of Daphnias can be shown to be inorphologicallv 
identical prove anything more than close relationship. If the many 
forms of DapJima are to be fegurdod as variants of one species originating 
under the influence of external conditions, the reappearance in widelv- 
separated areas and under conditions which can hardly be imagined to i)e 
identical of precisely the .same form — e.g. J). naleata in Windermere and in 
Central A.sia — is difficult or impossible to understand. It must be admitted 
that the whole problem of specific validity is raised by the genus Dajjkma in 
its acufost form, and is far from being solved. 

DaPHNIA LACltSTRIS, Sarit. 

1. Esthwaite and Hawes Water. 

. The Daphnias of Esthwaite illustrate remarkably well the impossibility of 
drawing any definite distinction between the various forms now grouped 
withiu the species I), longupina. While some individuals taken in Esthwaite 
in July 1921 were indistinguishable from U. longUpina forma rosea, having 
the crest interrupted over the eye and the general form of that species, ih& 
usual type of J>aphma present in that and in other collections belongs to 
IK hyalina var. lamstns. I was at first inclined to suppose that two dii^et 
races were present, but the two forms grade so completely one into the other 
that they must be regarded as one. The outline of the head may be ^ 
completely rounded, or may show a scarcely noticeable dorsal angle, whSa in 
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others, and especially in young -fipeciiiiens, this angle is produced into a 
small papilliforin projection. The crest is generally continuous over the eye, 
hut is often so incjonspicuous as to be seen with ditficulty, while sometimes it 
is interrupted as in />. longhpina. 

An exactly similar iMphuia occurs in Hawes Water, but in such small 
numbers that 1 have not had much material for examination. Nearly all the 


Fig. 



IfaptiHui hy^Uinft (rom Cranimuck, Topical form for the lake. 

Ik Daphum htfaiina from Crumniock, :>7.i?r.:J0. Head of fuiiiide t»f IdlljebovgV 
forma mthtdi* numfrotta, 

(J, Jhiphm ffokata from CrumrarKrk, JSept. U>li\ 

J). Bwmina obtusiroatm from AVast water, 


speoimens seen have the bead quite rounded, but occasionally there is a 
slight trace of the dorsal angle so often seen in Esthwaite speciinensr 
This form seems to be the same as that which is found in Loch Leveii and 
Loch Lomond in Scotland^ and was described by Richard (1896, p. 307) as 
i?* laciutfis var, vidna^ with the exception that the posterior sj)iiic in the 
Lake District form is usually directed more or less dorsally. 
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Burckhardt^H 7?. h^alifia forma Ivcernmsis from the Lake of Lucerne is 
evidently the same variety. In one individual from Esthwaite the dorsal 
projection of the head is denticulate as figured by Burckhardt for his forma 
jitrassiea. 

Derwentwater. 

The Dapluiias from Derwentwater rather closely resemble JK hgalina s. str., 
but should, I think, rather be included in i>. lacustris by reason of the 
concave front and rather higher head. The dorsal angle characteristic of 
the form from Esthwaite dnd Hawes Water is occasionally, but very rarely, 
seen in Derwentwater. 

D API INI A GALEATA, Sars. 

The typical form of 1). gcUeata occurs throughout the year in Ooniston, 
Windermere, and Dllswater, being most abundant in the former. Although 
Dr. Pearsall’s samples cover every season in the j^car, I have not found 
ephippial females in any of them, so that the species appears to be acyclic. 
The same appears to be the case with the />. larustris of Esthwaite, Hawes 
Water, and Derw^entwater, but in Orummock and Buttermoro there is a 
distinct sexual phase in D. hyalina in October, though, even here, the species 
persists through the winter. 

Seasonal Variation. 

The material at my disposal does not admit of any positive statement with 
regard to seasonal variation of form, but such variation is very slight if it 
occurs at all. With regard 'to D. galenta, in which it could most easily be 
detected, 1 have found on the one hand crests equally as high in winter as in 
summer, and individuals with a quite round head in July and August, i 
have no doubt that a small variation of head-form, and of size of body, could 
be shown statistically with sufficient material, but the variation is certainly 
not so pronounced as to be appreciable to the eye. 

In this respect also the plankton of these lakes differs markedly from the 
Danish and Central European lakes, and approaches the nortlierii type. 

Bosmina ORTUsiRosTRis, Savs. 

The identity of the northern races of B, coreg<y>\i with those ooenrring in 
the alpine lakes is now established, and^ according to iluhe,tlie united species 
should be known under the name of coregoni^ongiynna. As, however, 
the name B. tongispina has generally been used in a more restricted sense, 
and is so used by Lilljeborg, and as the name B, obtmiroitrii has been 
universally used for the noithern forms with eliort macro, T [irefer to retain 
it in Lilljeborg’s sense. 

in the Lake District this species occurs, often in great abundance, in nearly 
all the lakes. Its apparent absence from Bnttermere may be due 
iimt the collections were made from the shore only ; but,.alilii>ttgh 4 sing]# 
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specimen was found in Bassenthwaite in October 1921^ it is certainly not 
established there. 

It would be of interest to ascertain if there are any constant differences 
between the Bostninas of the different lakes, but tliis can only be done satis- 
factorily by measurements of large numbers of speciniens carried out on the 
system laid down by Burckhardt, and my material does not admit of such 
treatment, since the necessar}' number of well-preserved specimens is not 
available from all the lakes at the same seasons. Since there is very great 
variability within the population of a lake with regard to length of antenna 
and of tiiucro, the selection of single individuals for measurement or 
illustration is likely to be misleading, but it is not entirely without value. 


Table 10. — Me^isureineiits of single individuals of 
Bosmina ohlusirostria. 



Diilo. 

1 

Length. 

Shell. 

Length. Width. 

1 

Length } 
of ! 
HiiteiiiiH. 

Length 

of 

mucro. 

Wiiulernieie 

:21. vit. 


743 

784 

310 

81 

Ksthwnite 

3. ix. 


726 

712 

328 . 

96 

lH»rw'eijtwater . . . . 

17. V. 

•64 

703 

760 

390 

98 

jUliswater 

1. vii. 

•66 

763 

763 

430 

92 

j Hawt*s \V .... 

11. vH. 

•6 

7J6 

78ii 

333 

60 

j Coni B ton 

0. vii. 

•68 

7m 

647 

404 ' 

no 

Ennerdale 

28. ix. 

•6C 

712 

788 

393 ; 

46 

\Va«twoter 

ao. ix. 

1)2 

717 

706 

643 ! 

152 

Crummock 

12. vii. 

•86 

707 

762 

606 ! 

123 

Floutern Taru .... 

27. ix. 

•62 

711 

71 i 

327 j 

38 

Goats Water 

a. X. 

•68 

764 

717 

490 ! 

i • 

1» 


and a table of measurements of individuals chosen as being so far as could 
be judged typical of the population is here given. The example given from 
Estbwaite is above and that from Ennerdale below the average size, but 
typical of form. This table shows tliat the Bosminas of the two primitive 
lakes Crummock and Wastwator are not only very much larger than all 
others^ but have longer inucro and antenna (text-fig. 3, D). On the other 
hand, those from Ennerdale, which might be expected to be similar to those 
from Wustwaier, are, in fact, conspicuous for their very short antenna and 
muct*o and are not particularly large. Herein is another strong point of 
differenoe between these two apparently similar lakes. In the remainder 
of the lakes the differences shown between the Bosminas are not, I think, 
outsi<le the limits of their ordinary variation within a single population. 
The specimen^i fi^ni Floutern Tarn and Goats Water are not only the 
simtllest, but have the shortest inucro. 



446 


MB. % OtJKNBT ON IHW OBUBTACICAN • PliANKTOJf 


For the reasons given above T have also been nnablS to stiyjly tbeVeasotfal 
variatioii. I faave^ it is true, made an attempt to do so wtth matesial from 
(}onision, but the nntnbers available and sufficientlv well preserved Ufe not 
enough to give a satisfactory result. They tend to show thni thefe is Vt 
variation, but that it is very siimll 

The species is found at all tinieh of the yoai, and, except iu Wastwaier 
and the turns, there seem to be no pronounced sexual periods. JSphippial 
females have been seen in collections from Windermere (Sept and Oct. 1981), 
(}niminock (Oct. 1981), Derwentwater (Nov. 1981), and Wastwaier (Sept, 
and Oct. 1981 and 1988). In Wastwater alone do ephippmi females form 
any considerable proportion of tlie population. On Hept. 1988. per 
cent, of females were ephippial, but not a single male was seen. In ('onisloii 
and mis water there seems to be no sexual phase. 

BoSMINA LONGlBObTBXb, <K 1\ MuiflL 

This species only occurs in Esthwaite and Giasiuere, Itoth being lakes of 
tlie “evolved^’ type; but, whereas it appears to be the only spi^ie'^ ot 
Jinsmim in Grasmere, in Esthwaite it is found in lonipaxi} with /i. 
rohiris^ an unusual association which is also iouiid in Lough Neagh and has 
been commented on bj Dakin and Lataicbe. 

Miss Pratt states that it was common in Bassenthwaite in 1898, but it was 
not found in any of Dr. Pearsall’s collections from that lake. Miss Piatt% 
list of Crustacea from Bassenthwaite difteis in so main lespects tiom nn 
own that one can only conclude that conditions must have changed \ei\ 
greatly since 1898. * 

The Esthwaite form is quite typical, but in 8opt. 1981 the aufennai ol the 
adults were found to he unusually shoit, aud many wore eien of the iorm 
described by Lilljeboig under the name of B, brent Hellich. It 
a|)p6ared lu the collertions first in April and increased in iminlieis till June. 
Ill July numbers decreased, and in August it was very rare, lu Hepteinber 
it was again present in abundance, aud large numbers ot females boro 
ephippia. It was not found in collections made in Octobei and No vein her. 


lilTJEBATUBE UEXSKUBD 30. 


Bxgk, C.— Ou some new Cladoceia of tlie English Lakes, 
p. 777. 

liiUGX, K. A -^Plankton Htudies on Lake Nendotu 11 
p. 874. 


Joum. li. lilit Hoc (8)m.l8N5, 
Iraus. JSC Acad. ». I89e, 


BaanY, G. S —Notes on the Crustacean fauim of the EnghnU i^ikt s Intellectual Obaerver. 
xii. 1888, p 416* 

Bbady, G S — Biitish species of Eatoxnoitiraca beioiigiug to JDapknM and other allied 
geneia Nat Hist. Irons. Northd. and Huxhain, xin 1H08, p. 817. 


* I have not been able consult this paper. 
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Some I'rotozoa from Uie Soils and Mosses of Spitsbergen. Results 

of the Oxfonl University Expedition to Spitsbergen, No. 27. 
By H. Sandon. (( Communicated by D. Ward Cutler, F.L.S.) 

[ Fr(Mn the Protozoology Department, DotLamsted.] 

(l^LATB 24 and 0 Text- figures.) 

[Read 7th June, 192B.] 

The protozoal fauna of Sjiitsbergen and of the neighbouring lands is in 
some respects already fairly well known. As far back as J8G9, Ehren- 
berg (14) identified four species in material brought back from there, and 
more recently Scourfiold (29) and Penard (23) have published extensive 
lists of collections from Atlvenf Bay, Green Harbour, and Amsterdam Is. 
The establishment of a biological station on the Murmansk coast enabled 
Awerinzew (2 4) to carry ont investigations of the protozoa of that region, 
and his collections exttMided as far as Bear Island, the southernmost island 
of the Spitsbergen Archipelago ; while Mereschkowski (19) and Levander (18) 
hav(^ also identified numerous .•species from the northern parts of Finland, 
Russia, and Siberia. Sconrfield, Penard, and Awerinzew, however, confined 
tbeir atttmtion entindy to the inhabitants of mos.ses, and in particular to the 
testa<jeous rhizopods, and none of the authors since Ehreuberg have investi- 
gated the soil-dwelling forms. It has recently been shown that in temperate 
lands protozoa inhabit the soil in such large numbers that they must play an 
imjmrtant part in the activities of the soil (see especially 12) ; and a 
knowledge of the soil protozoa from localities subject to extreme climatic 
conditions tlu'refore assumes considerable interest, not only in relation to the 
general (‘cological problems of tho'ie n‘-gions, but also because of the light it 
may be expected to throw on the influence of climatic conditions on the soil 
organisms. 

The material ki\ ily placed at iny disposal by the members of the Oxford 
University Expedition consisted of three sam])les of mud from the brackish 
pools near Bruce City described by Walton (33), five samples of soils from 
various localities, and fifteen samples of mosses; and the supplementary 
expedition of 1922 also brought baede three samples of soil. The soil samples 
were all packed in tightly-fitting tins which had previously been sterilised 
by heat, and the mosses had been dried and sealed up in envelopes. 
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Methods. 

Cultures were made from all tlie samjdes on plates of nutrient agar, in 
sterile tap-water, and dilute hay infusion, and wore examined at intervals for 
three or four weeks. For doti'cting rhizopod tests, soil or moss was taken 
from the tap-water cultures after a few days, spread out on a glass slide 
and examined with a low power, the mosses being first teased apart with 
a needle. 

Results. 

1. Mud. 

These samples gave very disappointing results, possibly owing to excessive 
heat having been employed during drying. Heferomiia fflohosa was found 
in all of them, and Sainovron mikroieron (n. g., n. sp.) (see Appendix) in the 
mud from pond 5, the least saline of the thn^e. Since the members of the ex- 
pedition recorded the presence of poridinians in some of these ponds, cultures 
in MiqueFs solution (1) were made at the kind suggestion of Dr. E. J. Allen 
in the hopes of obtaining growths of these organisms, but, again, only the 
ubiquitous Tieteromita glohosa and some diatoms were found. 

In his notes made* on the spot Mr. Elton records that Croghma volviKv was 
very abundant in all the ])onds in this district, and that there were also found 
flagellates belonging to the genera JCttghna and Glmodinhim^ and ciHate> 
probably belonging to the gCMiera Vortirelhi, C arekesitnn^ Dilt'ptus^ J^romlon^ 
and Colpoda. He makes the further interesting observation that whereas in 
the Bruce City ponds, which were fed with drainage wafer from limestone 
hills, Uroglena was very abundant, at Cape Bohemian, where the pools w^ere in 
sandstone, this species w^as absent, and its }>Iace was taken by large numbers 
of Synura uvella and of poridinians. From the latter region his records also 
include Glenodinium sp., Eitglena sp.,and three ciliates, probaldy Spathidium^ 
Nasmla^ and Ophrydium. 

2. Soils. 

As will be seen from the accompanying table (p[). 456-457), tbe 1921 soil 
samples form an interesting series. Apart from rhizopod shells, soil I 
yielded only tw'o species, and in fact three out of the six cultures made from 
this sample were completely sterile. The number of species recorded from 
sample 5, on the other hand, is quite eom[)arable to that which would be 
found in any British farm or garden soil, whih* the other samples fall lietween 
these two extremes. Soil 1, however, contained great numbers of empty 
rhizopod tests belonging to six different species, whereas in the other samples 
these organisms were nnich less abundant. 

An attempt was made to connect these striking differences with other 
characteristics of the soils. The bacterial nnml)ers, counted as they were 
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aftor tlif» soil haJ Ikhmi soal<‘d in tins for some months, are of course no 
indication of the actual number of bacteria in the soils at tlie time when the 
samples were taken, but for jiurely coinpariitive purposes they no doubt 
correspond to real differences in the bacterial pojmlation of the soils. The 
chemical and physical j>roj)erties of the soils, however, throw no light on 
these difFerenecs. The high numhers of organisms found in soil 5 may be 
attributed to tlie sea-birds* droj»[)ings with which it was manured; but, on the 
other hand, soil 4 was siinilarl}" manured, and yet yielded fewer organisms 
than soil .*$, which was ]»ractically free, from humus. The abundance of 
rhizopod tests in soil 1 corresponds closely with what is found in ]>eaty soils 
elsewhere (20). It is possible that this does not really indicate a larger 
active population of these organisms than in other soils, hut is due simply to 
the fact that in a soil, where microbial activity is small, such tests, coming 
either from animals living in the soil, or being brought down from the 
mo‘<sos etc. growing in it, disintegrate more slowly than in other soils, and 
so accumulate in considerable numbers. 

The 19:i2 •-amplos wer<‘ examined in a fresher condition tlian those of the 
previous year, and on the whole yielded a considerably larger number of 
living species. The good results obtained from sam])le 5 (1921), however, 
seem to imlicate that these earlier samples had not suffered appreciably as a 
result of storage, and the difference in the results obtained from the two sets 
ol‘ samples prol)ably therefore corresponds with an actual difTercnc(i in the 
population of the soils /// alfu. Sample 1) (1922) was taken with a view to 
coiifirining the iouIts obtained from samjde 1 (1921), in which both bacteria 
and protozoa were so excepiionally few. Unfortunately it was not possible 
to bring soil from the identical spot, and aliliough the localities from wliich 
the two samples were obtained appeared very similar and supported a similar 
type of vegetation, the analysis given in the table (p. 45G) shows that the two 
si>ils are not really comparable. 

The abundance of protozoa in samples 1 and 3 (1922) is of particular 
interest, in view of the high acidity of these soils. Such resuit»s however, 
are not uniqin*, for an active protozoal population has been founil by 
Mile. Percy in the soil of one of the Hothainsted experimental plots for 
which the pll is 3 (>5 ; and S. M. Nasir (in some un|>ublished work also 
done in this laboratory) has found that in artificial cultures utdive flagellates 
can tolerate a pH of 4*5, active aimebic a pH of 3*9, while ciliat.es can 
grow even when the acidity is as high as that represented by a pH value 
of 3*5. 

3. Mohses. 

Twelve of the samples came from Klnas Billen J5ay, and were composed of 
the following mosses: — Ih/pmtm (5 spp.), CineJidittm slygium^ Orthothenum 
vhrtfseam. Swart zia montana^ Bryum spp., Camptotherhnn nitens^ Grhnuia 

33 * 
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vommutata, and Brachytlienum salehrosiim. Most of the samples were com- 
posed of a mixture of two or three of these mosses. The remaining three 
samples came from Prince Charles Foreland, and were composed of 
Bharomitrium lamigiiios^trn^ It. vatmems vnr. encoides, and lyivravxm 
Ijroenlaxidicum. 


Flagellate. 

Cerenmanas cramcauda Alexeiefi'. In samples from Klans ( and in 0 samples from Prince 

Billen Bay, j CWles Foreland. 


Otfiomonas tevmo Kent 

9 

- ♦» »• »» 

I 

99 

99 

99 

HHfromiAa yhhosa Stein 

11 9, ,* ». 

.. 2 

99 

99 

99 

„ lens MiiUor 

1 «• fy »■ 

» 0 

*• 

99 

99 

Spiromanas anyusta (Duj.) Kent. „ 

1 *• tf *■ 

.. 0 

•9 

99 

*» 

Heikemnastix fescicola Wood- „ 
cock & Lapapre 

1 

.. 0 


«« 


FhitUomitus sp 

1 

.. 0 

99 

99 

M 

AnUonexim minus (n. sp.) 

1 

.. 0 

•f 

9* 


Enfosiphon suleatnm (IHij.) Stein 

1 .. 

.. 0 

99 


♦ t 

Sain urm oxu (n. g., n. sp.) .... 

9 

.. MS') 

•9 

„ 

•» 

Allantion iachyploon (n. g., n. sp. ) 

9 

- •• 9J •» 

.. 0 

99 

•9 

tf 


Most of these species are identical with those found in the soil samples. 
This is perhaps not surprising, as most of the mosses hud a certain amount of 
soil clinging to them, and no attempt was made to remove this before making 
the cultures. Hence it is impossible to say whctlier tin* organisms found 
naturally inhabited the surface of the moss plants or the soil in which the 
latter were growing. 


Ehizopoda. 

Unrlmanella hyalina AlexeiefT . , In m samples from Klans | and in 

Billt*n Bin, I 


Amrelta Umicola Uluimbler .... 

„ 1 

• » 


f* 

Sp. a (Cutler, (?ruirip,xV: Sniulon) 

„ 1 

V 

»» 

*» 

Ammha veqiertilw Peiiard 

„ 1 

J» 

.. 

!• 

„ terrivola Creef 

1 

99 


9r 

,, atriata Penard 

IC-i) 

•9 


,, 

„ actinophora Auerb 

.. 1 

9* 

>» 

*9 

Voryciajtava Greef 

„ 1 

9^ 

99 

?• 

„ coronata var. simplex 

[Peiiard 

1 

IT 

99 

99 

Difflayia pyriformk Periv 

„ 8 

99 


99 

„ fallax Penard 

» 7 

99 

99 

99 

„ yhbulus J)uj 

„ 0 

99 

99 

99 

,, hmdn Penard 

» 1 

•« 

99 

99 

„ ennstneia Khrenb 

11 

•9 

99 

99 

Centropyxis aculeata Stein .... 

c 

99 

«y 

99 

„ Imigata Penaid . . . 

6 

99 

99 

9} 

ArcelUt vulyaris Ehrenb 

» s 

99 

99 

19 

„ nrenana Greef 

.. 1 





0 samples from Prince 
Cliarles J'orelaud. 


0 

0 

U?) 

0 

0 

0 

1 

0 


»» 'I 

M »» 

V* 

«• 

M ♦> 

•» »f 


0 

1 


0 

a 

0 

0 

0 

1 


»> 

»» 

»» 

>» 

»» 

fi 

♦» 


•• f9 

>» 

>• 17 

V >• 

91 »t 

99 99 

91 •» 

99 99 

ff 91 
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NeheUi collaris Lcidv 

In 

6 samples from Kluas | and in 
Billen Bay, f 

0 samnlcs from Prince 
diaries Foreland. 

Quadrulu irret/ularis ATCher . . . 

»» 

8 


0 

•« >» »» 

Ewflypha ciliata Ehrenb 


4 .. 

•» M »• 

0 

»• »i 11 

„ striyoaa Leidy 


1 „ 

>♦ r »» 

0 

1* »• 1? 

var. tflahva 


1 

>1 •} •» 

o 

»i » i‘ 

[Wailea 

n Items I’erty 

»» 


M •. ■ ). 

1 

M »1 

tuhercalata Duj 


0 

•f »• 

1 

1' >1 >1 

AssuUna mmcornm ( rreef .... 



•• »» »» 

o 

•1 1> 11 

Ctfphaderia sp., iScliluiiib 

»» 


•• •? 

0 

4. 

Campascus iinqueter Penard .... 



.. •• •) 

0 

i; 

Trincma encMys iOhreiib 

.. 

■J 

f J* 

0 

.. .. ). 

„ „ var. aaleafa 


1 

4. 4. ■, 

0 


f J’enard 

„ complanafnm Penard . . 

»• 

i 

*• »• .4 


.1 

„ Hneare Pennnl 

, 


.4 4, 44 

1 

11 »i *1 

Corythion dnhium Taranek 


0 

44 

2 

»• »» 1* 

CMamydophrys stercorea Ciciik. . . 


1 

14 41 4, 

1 

•) .4 14 


Ciliata. 

Of tho sjmij»lps from Klaas Billeii Bay, six contained Colpoda cucullim 
(J. F. MuclI., twd contain(?(l IJalantiopliorus minultfs Schew,, and tlu* iollowin;^ 
forms occurred in one sample (*ach : — Uatanfiophorus (’loiipatus Scliew., 
lUephanmna laimta Ehrenb., Cydidiam ijlnacoma Ehrenb., Endielys sp.. 
O.njiridui sp., Styloni/f/ua sp. In the soils from Prince (fliarles Foreland 
only Colpoda rucitllus 0. F. Muell. was found. 


Discussion. 

(1) The Inftuence of Aretic Conditions on Protozoa, 

Previous investigators have differed considerably as to lln‘ infiiUMice of 
arctic conditions on protozoa. Although the iibicpiity of most oi‘ the com- 
moner fresh-water and inoss-dwelling species is well known, it is rather 
difficult to believe that the same species can live in arctic as in temperate 
and even tropical lands without showing some local peculiarities. It was 
perhaps this consideration which led Ehrenberg (16) to create new specilic 
names for the rhizopod shells obtained from Greenland, w hich names have 
since apparently all been discarded. Scourfield (29) remarks on the numbers 
of abnormal tests (especially in the species Euylypha ciliata and JXehela col- 
laris) found in his Spitsbergen material, and Penard (26) similarly comments 
on the tendency to produce deviations from tlui! type in the rhizopods from 
the still more extreme regions of the antarctic. On the other hand, whereas 
Penard’s antarctic specimens were mostly smaller than the average (espe- 
cially in the genera Assiilina^Coryeia, Corythion^ and £a^/yp/ta), Awerinzow' (2) 
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found that tests from north polar regions were on the whole larger than the 
average. 

The present investigation throws little light on this question. Several 
species (o.g. Arcella arenaria^ Trinema complanaium) included some 
exceptionally big specimens, but others were on the average rather below 
the normal size [CeMropyAs aculeata, C. hrrigata^ Nehela collaris). Obser- 
vations of this kind are, however, very inconclusive unless based on statistical 
data ; and as no such data from temperate regions are available for com- 
parison, there was no point in devoting time to obtaining them from the 
present material. It seems, however, fairly certain that there is no general 
tendency to either a larger or a smaller size in the Spitsbergen rhizo])ods, 
and that none of the species found formed any distinctive local varieties. 

(2) Species recorded. 

The rhizopods commonly found living on mosses i)ave botm divided by 
Peiiard (24) into two groiqis wliicli be calls rt‘speciively formes banal(\s 
{},€, forms commonly found in mosses but not especially ada]»led to sneb 
a life) and “formes caractcristiques {ie, forms sj»ecially adapt(‘J to 
living among mosses and rarely found elscwh(*rc). Th(» former group 
contains 2(5 species, of wbicli 21 have now bec^n ree<»rdv‘(l from SpitsluM’gen ; 
but of the secoud grouj), only 2 out of 17 bav<i so far l>c«m found tluu’i*, and 
one of these is A nucha teryicola^ vvhicli seems out i>f place in tins classitica- 
tion, since, so far from being specially adaj)ted to li\ing among mosses, it 
occurs frequently, as its name implies, in soil. The absence ol’ the “ formes 
caracteristiques is probably due in part, to the fa(»r that they include 
a number of naked ama*b;e ayIijcIi do not normally form cysts, aiul wliich 
therefore may have been present in the moss wlien it was coIh‘cted, but dieil 
before the samj)les were examined. 

liCvander (18) and Ueinis (16) have already drawn aitenlion to ilie close 
similarity existing between the rbizopod fauna of the high latiind<\s and 
that of the high altitudes of the European Alps, as recorded hy Zschokke 
(37), Daday (13), and Heinis (16). Tlie j»resent investigation completely 
confirms this analogy, hut unfortunately tiie data available do not appear to 
be sufficiently complete to extend it to other groups of protozoa. The 
generalisation that Heinis makes with respect to the high Alpine protozoa, 
however, seems to apply equally to the Spitshergem records : namely, that 
the severity of the climate does not result in the occurrence of loc^l species, 
but *sitnply eliminates the less adaptable forms, with the result that the 
population is eomposeil of the most cosiiiupolitaii forms. Tlie possibility of 
the existence of true arctic species is, however, not entirely ruled out by these 
considerations (except in the testaceous forms), since such species, if they 
exist, may have died out eoinpletely Ixdore the material could be exainiued^ 
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One new flagellate is described which does not sconi to have been recorded 
elsewhere, and it is possible that some of the organisms which occurred in 
the cultures in too small numbers to be identifiable may have represented 
other new species. 

The ubiquity of these moss- and soil-dwelling protozoa has an additional 
significance, ^ince they have no means of avoiding the extremes of tempera- 
ture or of moisture to which they are exposed. JManktonic organisms can 
avoid extreme heat or cold by sinking to greater depths, and worms, many 
insects, etc., can similarly burrow to more equabh* layers if the surface of 
the soil becomes too hot or too cold except, of course, in regions where 
the snb-soil is frozen. But such vertical migrations of tin* land-living 
protozoa, if they take place at all, must he very much more restricted, 
and the wide distribution of these organisms must tlan-efore indicatt^ 
a witle range of tolerance of exti*rnal conditions on the part of the 
organisms theniftclvcs or of their <*Ysts (though resistant cysts arc not at 
present known lor ail the creatures in question). There remains the jjossi- 
bility of the existence of physiological strains differing solely in tliidr powers 
of resisting oxlreme comlitions. Tins is, in fact, very probable, since many 
unpiildisbed observations made in this laboratory liavt* demonstrated the 
j)rosence in tropical soil.-' (Egypt, East Africa, \Ve>t Indies, etc.) of species 
identical wiih some occurring in Spitsbergen, which therefore in natural 
conditions tolerate a wider range of temperatun's than is possible in 
laboratory cultures. 

The identity of the protozoal fauna of Spitsbergen with that of temj>erate 
lands is strikingly paralleled by the observations made by Bartliel (6) on tlie 
soil bacteria of Greenland, Au examination of soils collcctetl by the 
Uasmusseii Expedition from Disko Is. (Lat. 70° N,), from Cape York (I^at. 
76° N.), and from the extreme northern coast showed that these soils, ju>t 
like ordiuai’y European soils, are ca[)able of initiating the processes of 
nitrification, denitrification, ammonification, and fermentation of urea ; and 
though nitrogen fixation was not definitely proved, there was some evidence 
of its occurrence. These results would no doubt apply equally in the 
somewhat milder climate of Spitsbergen. Thus all the evidence at pn*sent 
available points to the qualitative identity of the microbiological activity 
of soils from Spitsbergen and from temperate lands. As to the quantitative 
aspects of the question, observations made on the spot would be essential. 
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Sample. 

1 i 

1 

Locality. 1 DoRcription. 

% 

matter. 

%Nin 

dry 

matter. . 

% low 
on 

ignition. 

1921. 1. 

Low hill uear Black contiun- 

coast, Priiioe iiig roots, etc. Dry 

Oharles tundra vegeta- 

Foreland. tion (Silenoj Haliv, 

mosBCB, etc.). 

90-1 

; 1-53 

1 

1 . 

51*9 

2. 

Klaas Billen 'Fine bltu^k loam 

Bay. i from roots of 

j Aii^rmnodu, 

94-9 

: O-TS 

' 

■ 

27*9 

3. 

Klaas Billon Stony calcareous ^oil 

Bay. ' from roots of Dryotr ; 

1 practically no huiiiuR 
. but much dry plant- 
' remains. 

j 

98-9 

, 0*162 

. 

: 

, 

328 

4. 

Moss plain be-^Damp mossy peat, 
lowVogel Hook much manured by 
(Pr. Oharles sea-bmls'droppings.i 
Foreland). 

8S-4 

2*8o 

1 

I 

1 

99*5 

6. 

Vogel Hook. Fine brown peat, 

’ much inanurctd liy 

1 nea-birds’droppings. 

i 

i 

i 

i 

91-2 

a-47 1 

1 

1 

! ! 

i 

47*3 

1922. 1. 

Grassy slopes |The grass here is i 
on bird cliffs, more luxuriant than; 
Green Mt., Ice anywhere else on \ 
Fiord. j the island. 

1 

480 

i 

__ 1 

1 1'-185 j 

1 

1 

! 

' i 

! ! 

1 ' 

i 

' 

1 

38-l»4 

2. 

Boggy patch on S'egetation 
hillside at ; Sphagnum etc. 

Advent Valley, j 

Ice Fiord. * I 

! 

44- 1 

<>•440 

1 

1 1 

22*42 

3. 

Dry tundra at Vegetation Dryaa, 
foot of hills, Salix polariJSjSilme, 
Advent Valley. ' etc. Well-rotted 
mould. 

1 • 

1 _ ' 

79-71 

J 

9*378 

1 

i 

! 

13*82 
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j No. of 


1,11. i ■ PtAOBLLATA. 

' 1 per gratiiuie 

1 (milliouB). ' 

ClLlATA. 1 KhIZOPOJjA. 

j , 

1 

' 

1-3 

UeltsrmniUi L&iut. 

Citljtoda curnllna. Oifflugia glohuhxa, 1), roa-' 

strirtay Kvglypha laeria, 

. Aasnhwt miZ/HCorum, , 

1 Hgaloapheiiia minuta. | 

: 1 

7*2 4*S7 

(ticomonus tenno. 
IletrromUa glohosa^ 
Ceirumoaas np. 

IktlaniiuphornH mi- Anut^bu radioaity Difflugia 
iiutiiay limlKpiUH cunatricta, Cfnintpyxia 

ttwhilta, and an [a*viyat*\y Quatfrula 

unideutiGoil Kpccicn. irregular is. 

S*0 1205 

HUvrititiiia <jUibom. [Colfnahi cucullvs^ Ihfflnijin nuistricta, 
Cryptuuwuan j Cyclidivm yUiu- DiJhujin Hp. 

olwvmdeg. { coma^ Plenrotnchn 

1 8pM Vorticfflla i 

i microaioma, • 

‘ 

(‘••fi r.*25 

(iO oVo 

HHemmita glotjotta^ 
H. lens. 

Colpoda rvciiUusy Anvrha limaj y A. rodiosa. 
Omwatomum affine. . A. Icrnrolay lUffingui . 

1 globuluSy D. conatruia. | 

Oicomouua /mn«, 
Heleromita ghhoa^r, 
H, /<?n«, CetcoinotMg 
rraanicaudat Httll'e- 
amutafix /xcicoluy 
("opronwnaa Hp., 
Vladonwiiaa fmti- 
coaa. 

Colpoda rurullua. ^Dinutafigamo’ba gruberi. 
Vrotiema Hp.. Ch-y- Hartmanella hyalinOy 
tricha pAlionelUty , A. diploidetty A. terri- 
Blephariama ro/«, A, sp,, Xtirlearia 

lateritOy and ono simplea'. Chlamyduphrys) 
unidentified 8i)ecieR. atercoreoy Difflugia ylo- 
' bulusy D. conatricta, 

, CentropyHa laRrignta, 
Euglyphn atriyoaa. 

3*9 Oivomofiats termo, 

Heteromita tflobum^ 
letiff, 

CercKwwnas sp. 

i 

i 

1 

Chilotlon ciirulluluay Amwlni limaxyA. radioaay 
Enchelya (probably A.diploideay A.ternrolay, 
E. fart‘iinen)y I'or/i- A.ocfinophara.Nna'learM] 
cella mimatoma, simplexy Cklaniydophrya^ 
(trytricha pellion- af^rcorea, Triuema | 

c;flci,aud 3 nnidenti' linearey Difflugia con» j 
fied Bpecies. afrieiny D, glohiiluay 

D. fallaxy Nebela lageni- 
formisy Euglyphn ap.. 
Aaauliua tnuacorum. 

GO 

Oicomonas tenHi\ 
Haieromita Icnvy 
Cercomonas sp., 

Sp. 

Ewhelys ^^robably 
E, farcimen). 

Auwba linuixy Trinema 
linearey T. enchelysy 
Diffl ugia const ricta, 

D. globulus, Euglypha 
atrigoaa (forma glabra ). 

i 

C4 

A 

Oicoituniaa fermu, 
Uetertmiita globoaa^ 
H, Imui, Cereomotias 
up., Phalaihatertum 
aoUtariunii S2nro~ 
manaa angtMta, 
Petalomonaa an- 
guaia, AUantion 
ttkchyploony iint- 
flofiflina mintia. 

Cydidium glaucoma 
and 2 unideutifiod 
spocieB. 

Dinujatigammba gruheri, 
J. radiosa, ActUwphrya 
sp.. A, diploideuy Tri^ 
nema lineare, Difflugia 
cmuitrictny Euglypha 
Imvia, Aaaulina mua- 
corum. 
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APPENDIX. 

Notes on the Species found. 

1. Flagellata. 

Cercomonas* — This is one of tho commonest of soil Flagellates. The usual 
s|>ecies is €• erassicax^da Alexeieff, but the specific characters are not very 
'a*ell defined, and other species such as C. longicauda may also have been 
present in some of the cultures. 

Het€romita.—Tl\\\^ genus is extremely abundant in all soils^ commonly 
occurring in two forma which agree closely with the description of H. tens 
Muller and If. globosa Stein (see especially 35). The former is a small 
organism, lenticular in shape and from 4 fi to 6 ^ in length, though some- 
times very small globular individuals occur only 2 /i or .3 /a in diameter. A 
pair of flagella arise at the anterior end, one directed forwards being about 
twice the body-lengtli, and the other, which is normally trailed passively, 
being a little longer. The nucleus is not visible in the living animal, un<l 
the contractile vacuole is also not usually apparent, but when jirrsent lies 
just behind the middle. When swimming the body is turned at a sharp 
angle to the direction of motion, and the anterior flagellum lashes vigorously 
through a wide amplitude. At times the tip of the flagellum adheres to the 
glass slide, and both flagella wave actively, so that the animal jerks vigorously 
from side to side without progressing. When stained with bmiuatoxylin a 
h'pical vesicular nucleus appears surrounded by a dense mass of peripheral 
chromatin, especially at the posterior side. The cyst is small (diametc^r about 
tliin-walled, and usually liuinogeneous in structure, tliougli sometimes 
the protoplasm appears conc^trated round the wall, leaving a vacuole in tho 
centre, to ono side of which there may be a small refractile granule. 

Heteromita gloltota is larger (length 8 /i to 12 /a), and more variable in 
sbai>e. Usoally the anterior end is rounded and tho posterior end slightly 
narrower, but sometimes this is reversed. At times the protoplasm becomes 
quite plastic at the posterior end, which may then adhere to the glass slide 
while the anterior part moves round slowly in circles owing to the move* 
monts of the anterior 'fiagellam. In this condition the hinder jiart may 
become drawn out into a long tilament before the animal breaks free. The 
flagella arise together just behind the anterior extremity, the shorter one 
being about equal to the body-length and directed forwards, while the other, 
which is usually trailed passively, is about times as long. A nucleus is 
clearly visible near the anterior end, and when stained shows much less 
peripheral chromatin than in //. letu. The contractile vacuole is central. 
The movements of the body are vibratory; it is not turned outwards 
so sharply as in II. lens, and the anterior flagellum lashes through a 
amplitude. The cyst has a thin outer wall which is usoally raised a li^e 
from the thicker inner wall. The protoplasm of the cyst is hyaline, aqd con-' 
tains a large very refractile granule ugaiost which is a big vacuole. This 
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cyst is well figured by Puschkarew (27), but the two walls are always separable, 
and the granule and vacuole are sometimes poorly developed or even absent. 

Though these two species seem quite distinct, a])pareiitly intermediate 
forms both of the active and encysted stages are frequently found, the identi- 
fication of which is very difficult, and in cultures of cither S]>eGies a few 
abnormally large or small individuals arc usually found which might be 
mistaken for members of the other species. Until conclusive^ observations in 
pure cultures have been carried out, there consequently remains a doubt 
'whether we arc actually dealing with two true species or with two extreme 
forms of a single very variable species. 

SaINOURON MIKUOTERON * (Jl. gon., 11. sp.). (PI. 24. figs. 1-6.) 

A brief description of this organism under the name of »Sp. y has already 
been publislird (12). It is a small fiagellaie from 3/i to 6 /a in length with 
a single flagellum, slightly longer than the body, which arises just lieliind the 
anterior end and is directed backwards. Tlic anterior end is rounded, and 
usually the body is slightly crescent-shaped (tig. 2) (the si<le from which the 
flagellum arises being slightly concave) and tapers somewdiat towards the 
posterior end. In these specimens the nmxinuim width is about half the 
length or less, but someiimos individnaU occur in which the posterior end is 
swollen, and tin* side from which the flagellum arises is sigmoid in outline, 
th«3 concavity being limited to the anterior end. In normal cultures the 
slui[ie is quite persistent, but in the deeper parts of hanging-drop cultures 
plastic individuals sometimes occur adhering to the glass slides (figs. 4, 5). 
The plastic individuals contain ingested laicteria, which are absent in the 
normal free-swimming form, the nutrition of the latter being apparently 
wholly saprophytic. The nucleus is not visible in the living animal, probably 
owing to its small size, and no coiitnictile vacuole has ever been observed. 

The movements are very like tho.se of a small IJeleromita^ since the 
flagellum is trailed quite passively while the animal progresses at a con- 
siderable speed with a rapid vibratory motion, the body being turned at an 
angle of about 20^ to the direction of motion. The progression is in a 
straight line (not spiral), and the animal does not turn on its axis as do most 
organisms w*hich possess an anterior flagellum. 

When stained, a large vesicular nucleus becomes visible in the anterior 
part. The basal granule varies considerably in size and position, at times 
lying against the anterior side of the nuclear membrane and at other times 
being quite free from it and apparently not connected to it by any rhizo- 
plast. Most characteristic of this species, however, is a large mass of 
plastin, often visible in the living animal as a refringent body, Avhicb lies 
just behind the nucleus or at times forms a ring completely enclosing it 
1-3), In a dividing animal this body divides immediately after 


* to WAg. 
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the basal granule, but its size and shape seem to depend on the general 
metabolism of the organism rather than on the phase of its life*cycle, for 
dividing specimens can be found in which two nuclei are present, each 
entirely surrounded by a ring of plastin, whereas in other cases the plastin 
divides to form two centrally-placed spherical masses. The changes which 
this mass undergoes have unfortunately up to the present obscured the 
division changes of the karyosome, the difficulty of observing which is ren- 
dered greater both by the extremely small size of the organism and by the 
fact that the karyosonie itself varies considerably in size and at times appears 
to be entirely lost (fig. 3), as in the case of llerpetomonas (^L$ptomonas) 
jaculans as described by Berliner (7). 

In old cultures thin-walled spherical cysts rarely reaching us much as 3fi 
in diameter appear (fig. 6). The protoplasm is uniform and shows no charac- 
teristic features, but tends to bo denser round the periphery of the cyst 
and vacuolated in the centre. Staining reveals a simple excentrically- 
situated nucleus, the mass of plastin apparently having been lost before 
encystment. 

This species is very widely distributed. It is common in the Bothamsted 
soil^ and has also been found in samples of soil from Africa, the West Indies, 
Azores, etc, 

Sainoubon oxu (n. sp.). (PI. 24. figs. 7-10.) 

This species resembles the foregoing very closely^ It is, however, con- 
siderably larger, being from 10 /la or 12 /i in length in a young cnlture, but 
diininisbing to 6 /x or 7 in old cultures. The anterior end, instead of being 
rounded, is generally drawn out into a curved beak, at the base of which the 
flagellum arises (fig. 7). This beak is occasionally bent or flattened (fig. 8), 
and the whole body is in fact more plastic than in S. mikroteron. A large 
vesicular nucleus lies in the anterior part of the body, and is generally sur- 
rounded by a complete peripheral ring of chromatin (fig. 8), but frequently 
the ring is broken and in its place one or more deeply-sbiining masses 
(recalling the plastin masses of S. mikroteron) lie against the posterior {mrt 
of the nuclear membrane (fig. 7). The basal granule from which the flagellum 
arises is situated at the base of the beak when the latter is present, or slightly 
to one side of the anterior extremity when the beak is not present. Usually 
the granule lies too close against the nuclear membrane to be distingnishable 
(flg* 9), but at times there is a considerable space between them (figs. 7, 8). 
In spite of careful examinations of cultures of all ages, no contractile vacuole 
has been found. Nutrition appears to be saprophytic as in S»^nikroterm^ 
which species S. oxu also resembles very closely in its movements; It shows 
however, one interesting peculiarity in its behaviour in that when a drop of 
a culture is put on a slide and covered with a coverslip for examinatioDi, the 
ori^uisms remain perfectly quiescent for some time. The first mgue of 
aettyity usually appear about one minute after the preparation of the slide, 
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but even after four minutes there are usually still a considerable number 
that have not resumed their movements. 

The cysts (fig. 10) are thin-walled, spherical, and from 4 /li to h in 
diameter. 'J'he contents are granular, the granules usnally being arranged 
in a ring. When stained, a nucleus with karyosoine and peripheral blocks 
much as in the active stages is visible. 

It has not been found outside Spitsbergen, wher(» it occurretl in two samples 
of moss, both from Klaas Billen Bay. 

Allaotion tachtploon* (n. gen., n. sp.). (PI. 24. figs. 11, 12.) 

This organism, though it resembles Sainouron in having a single flagellum 
which arises just behind the anterior end and is directed backwards, has such 
a characteristic mode of progression that one- feels constrained to create a 
new genus for it. In size it varies from 7 /a to 14/u. (usually S/a-IO/a), and 
the width is about half the length. The shape is very constant, being 
equally rounded at the two ends and usually slightly crescentic. It is 
enclosed in a firm pellicle, and no trace of pseudopodia can ever bo 
found ; in fact, the only deviations from the typical shape are the 
occurrence of shortened, almost spherical individuals, or of organisms which 
have their concave side (i. e, the side from which the flagellum arises) com- 
pressed, appearing in consequence more transparent than the rest of the 
organism when they are seen in side view, and causing the animals to 
become triangular in cross-section instead of circular, as is more normal. 
Both those forms are commonest in ratlier old cultures. There is a simple 
vesicular nucleus with some jjeripheral chromatin in the anterior half of the 
body, and one or more deeply-shiining spherical masses, presumably meta- 
bolic products of some kind, are often found in various parts of the body 
behind the nucleus. There is jio contractile vacuole. Tlie flagellum is about 
half as long again as tlie body, and is very much stouter than in such flagel- 
lates as Sainouron or Jleteromita. It is invariably ilirected backwards. 
Wlien the animal is progressing, the flagellum is applied for its whole length 
to the substratum, while the body itself is turned upwards at a sharp angle. 
Neither the flagellum nor the body of the animal show s any trace of vibration 
or movement of any kind, and yet the animal glides rapidly forwards, covering 
a distance of two or three times its own length per second. The organism 
whose movements resemble ibis most nearly is Uelhesimastix Woodcock & 
Lapage (86), from which the present species dift'ers in being quite without 
an anterior flagellum (the presence of which in IhlheumaHix I have been able 
to confirm, but which plays no appreciable part in the animars locomotion). 
It also differs in the absence of a contractile vacuole, and in the presence of 
a firm pellicle as a result of which the flagellum is quite free except at its 
point of insertion instead of adhering to the body as it does iu Helkesimastise. 
This mode <& progression, depending presumably on some surface action 

• a little sauSsge ; ro;(^Xoof^ swiftly-sailing. 
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between the flagellum and the surface to which it is applied, may however 
occur in other organisms having what has so far been regarded as a passive 
trailing flagellum. It is impossible, for instance, to watch a Cermnonas for 
long vvitbout concluding that its characteristic gliding motion is not produced 
by the tractellar action of the anterior flagellum, for the motion continues 
without a break even when this flagellum is temporarily motionless or 
recovering from its stroke ; and, further, the mean position of the flagellum 
often forms a wide angle with the direction of motion of the organism, which, 
on the other hand, is always in a line with the posterior flagellum. The 
movements of Cereeomoms and llelkesimastia are in fact so similar (in a 
casual examination it is easy to mistake IlelkeMmastux for a small Cerco^ 
monos) that it seems probable that they are both produced in the same 
way and that the motive power in both, as in Allantion iacliyploon^ is really 
the so-called trailing flagellum. 

When Alianiion is not moving in this way, it adheres by the tip of the 
flagellum to the slide and jerks violently from side to side without progressing 
as a result of repeated flexions and extensions of the flagellum. 

Bemains of ingested bacteria are sometimes found, so that nutrition is 
apparently holozoic though the actual method of feeding has not been 
observed. No cysts of this species have been identified. 

Though this organism does not appear to have been described before, it 
occurs very commouly in soils both from Europe and from the tropics. 

Anisonema minus (n. sp.). (PI. 24. fig. 13.) 

This species is quite typical of the genus in all except size. It is usually 
from 6 /a to 7 /i in length and never exceeds 9 /a, whereas the lowest limit for 
any Anisonema given by Senn (30) is 11 /x. It is strongly flattened and has 
a longitudinal groove on the under side. In outline it is egg-shaped, but 
slightly asymmetrical at the anterior end. The anterior flagellum is stout 
and about equal to the body-length, while the posterior flagellnm is rather 
more slender and about twice as long. They arise from separate basal 
grannies a little way behind the anterior end. The contractile vacuole is 
central, but a pharynx lias not been definitely discerned. There is a large 
elliptical vesicular nucleus lying to one side of the body, containing a karyo- 
some, which though usually spherical is sometimes irregular in shape, and 
a ring of periphenil chromatin. The movements are slow and very steady, 
being produced by the movements of the anterior flagellum, which lashes 
through a vride amplitude. 

This species occurred in one sample only. I have, however, lotind it in 
soils from the West Indies, so that although apparently never abundant, it 
seems to be a widely-distributed soil form. 

Chdomonas sp.— This oncnrred in only one culture frmn soil sample 5 
(1921). The monads are spbeiicai to ellipsoidal in shape, front 
length, and with twofoi-wardly-dlreoted flagella, each about to If lUntes the 
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bodj-Iengih, inserted at the anterior end. Each monad is situated at the end 
of a tube usually with only the flagella projecting, but sometimes the cell 
itself protrudes to some extent. The tube is colourless and transparent, and 
is quite empty except for the organism at its tip ; in fact, but for the cocci 
adhering to it, it would easily pass unnoliced. Its composition was not 
investigsited, but it is flexible and yields to the movements of the organism. 
Occasionally one finds an unbranebed piece of tube, 50 /x or more in length, 
with a single flagellate at its end, but more usually the tube branches, though 
not with the regular dichotomy of C.fruticosa Stein. Usually, however, the 
distal parts of the tube are surrounded with a dense mass of bacteria, pro- 
tozoal cysts, etc., so that its ramifications cannot be fully followed out. The 
flagella are held at an angle of about 20° to one anotlx^r and vibrate rigidly 
without bending. These movements are so rapid that the flagella can then 
only be detected by the characteristic movements of the surrounding bacteria, 
etc., one or two of which usually adhere to the tip of each flagellum, and are 
seen to be vrhirling round in a .small circle. Occasionally the motion stops, 
and the animal remains at rest for a few seconds. The effect of the whirling 
of the flagella is to drive small bacteria towards the mouth of the tube, where 
they adhere both to the walls of the tube itself and to the body of the animal, 
which is consequently always the centre of a small mass of the organisms. 
Occasionally a single monad is found adhering to the glass slide without any 
tube. In this condition die flagella vibrate just as nsnal, causing cocci to 
come against the body, to which they then adhere. 

This organism differs from C. frvticosa Stein only in the less regular 
branehing of the tube, a feature which hardly justifies the creation of a new 
specific name. 

Phalanstkkium soLiTARiuM (n. sp.). (PI. 24. figs. 14, 15 & text-figs. 1, 2.) 

This organism differs in several respects from the two established 
species P. consociatum Fresenius and P. digitatum Stein. It usually appears 
in cultures in the form of free-swimming monads 10^ to 15 in length 
(text-fig. 1) and more or less s])facrical in shape, though sometimes rather 
elongated, and often distorted by the presence of large vacuoles. At the 
anterior end is a single flagellum, thrive or four times as long as the body, 
which is surrounded at its base by a narrow “ collar,” into which a cyto- 
pharynx opens. The flagellum is very characteristic, the proximal part 
(about one-fourth of the wliple length) being stout and fairly rigid, while 
the distal part tapers to a very fine and flexible whip. Unlike the flagellum 
of the Craspedemonads, which is always a pulselliim, this flagellum acts as a 
traotellum, so that the creature swims with its collar directed forwards. 
A reversal of this mode of swimming has never been observed. The mode 
of swimming enables the species to he easily recognised, since the whole 
organism vibrates rapidly as it were about a pivot situated near the liinder 
eod of the body. Often a few cocci adhere to the rigid part of the flagellum, 
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and these are conseqnentiy seen vibrating vigorously a short distance in 
front of the animal itself. The progression is rapid and in a straight line 
without any tendency on the part of the organism to turn on its axis. It 
follows that the movement of the flagellum (which is too rapid to be 

Fio.l. Fio.a, 



P&afofMten'um lolitarmm, x ildOO. 

1. Normal living form with collar. 

2. Elongated form from an old culture. 


vittMe) must consist of a lashing from side to side, and is not the fypin] 
spiral movement of the Oraspedomonads. The contractile vacnole is not 
nwially visible, hut is situated just behind the centre of the body. 
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In old cultures the organisms often lose their 8[>herical shape and become 
very narrow, btpering particularly at the anterior end (text-fig. 2). Tn this 
condition the collar is difficult to observe, and often apj»e:irs to be completely 
merged in the cell protoplasm. Even in the more typical spherical form 
the collar is occasionally invisible, and at death it is invariably completely 
retracted. 

In the living organisms the nucleus, when it is visible, is composed of a 
single spherical karyosome surrounded by a narrow clear zone. Unfor- 
tunately it has only been possible to obtain \i single stained preparation in 
which the karyosome was often vacuolatc^d (PI. 24 . fig. 14) or distorted by the 
pressure of large cytoplasmic vacuoles (PI. 24 . fig. 15). The fixation of these 
specimens appeared to be satisfactory, bnt until further preparations have 
been obtained, it is impossible to say whether or not these appearances are 
abnormal. 

In its sedentary phase the organism becomes surrounded by a thick 
gelatinous layer. Unlike P. consociatum and 7^. diijitatum it does not form 
any definite colonies, though frequently a number of these gelatinous 
capsules are formed si<le by side. Frequently also two or more cells occur 
in a single capsule, liut the process of multiplication has not been observed. 
The flagollniii projects through the wall of the capsule, which has no well- 
defined opening, and its fine whip-like distal portion kwslies vigorously with 
a spiral movement, which causes cocci etc. to be whirled towards its base, 
w’hero they accumulate in a mass which quivers slightly with the movements 
of the flagellum. The whole gelatinous capsule, in fact, becomes encrusted 
wdih cocci etc. so that the details of the organism inside are not easily 
distinguished. The collar appears to be rather smaller than in the free- 
swimming form, and may frequently be entirely lost. Neither in the sessile 
nor in the free-swimming phases have any bacteria been observed inside the 
collar, and the mode of nutrition is therefore unknown. While in this 
gelatinous capsule, the organism loses its collar and flagellum and becomes 
enclosed in a thick wall, forming a rather angular cyst, which, however, has 
none of the ridges shown in Cienkowski^s figure (11). 

This species has also been found in soils from Hothamsted and from the 
West Indies. 

Of the other flagellates recorded, Oicomonas iem\o Ehrenb. is one of the 
most numerous and most ubiquitous soil organisms. Spironimiad aii^u^^a(Duj.) 
Kent, Ihlkmmasti» fivdeola Woodcock k Lapage, and Phyllomitus sp., 
though much less abundant, are not uncommon in soils from other regions. 
Peiatomonas angusta (Klebs) Lemin., found in soil sample 3 (1922), does 
not seem to have been found in the soil before, though the nearly related 
C^&premona.$ mUilu Dobell is not uncommon. 

There v^ere in addition a small number of unfamiliar forms which appeared 
in one nr more of the cultures, but in such small numbers that a satisfactory 

LINK, joentt. — ZOOLOOt, ’TOL. XXXV. 34 
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examination was not practicable, and the attempts to obtain stronger sub* 
cultures failed. It is possible that some of these inaj have been new 
species. Of these forms the following two deserve mention, since they 
have each been found in one or more other localities ; and although it has not 
so far been possible to obtain the stained preparations necessary for an 
adequate description, the appearance of the living organisms is quite 

Fio. 3, Fio 4. 



Sp. B, X 2600; freehand drawings from life. 

3. Free-swimming form with anterior pseudopodium. 

4. Amoeboid form. 


characteristic. It is hoped that a satisfactory identificatton or deseriniion 
may be published later. ^ 

Sp. &. (Text-figs. 3, 4.) 

In the fiagelUte condition (text-fig. 8) this organism is very and 

its shape is therefore rather indefinable, hot typically the anterior end ia 
ronnded, and posterior end tapers to a point. Quite sidierioal uidiT^nii)% 
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however, are not nneominon. Finger-like pseudopodia may be formed 
at all parts of the body, but they are commonest at the posterior end. 
Tw^o flagella arise in a slight pit at the anterior end, of which one is 
(Hrecfced forwards and is between 1 and 1^ times the length of the 
animal, and the other, which is a little longer, is directed backwards or 
slightly to one side, but is quite free from the body except at its point 
of insertion, thus differing from the corres})Onding flagellum in Cercomonas. 
In small specimens the relative lengths of the flagella are often greater, 
up to three times the body-length. A vesicular nucleus is usually clearly 
visible in living specimens at or just in front of the middle of the organism, 
and a single contractile vacuole cun occasionally be observed near the hinder 
end. The usual length is about 15 /bt, though occasionally small specimens of 
6/a to 10 fA occur. The movements are usually jerky, both the flagella being 
held more rigidly than in most flagellates, the anterior one vibrating 
vigorously. 

The amceboid stage (text-fig. 4) is less commonly observed. One flagellum 
is retained which is directed sideways and continues to vibrate vigorously 
while the animal moves forward with a single broad pseudopodium, tlie 
posterior end being rounded. As in the swimming stage, the nucleus is more 
or less centrally [daced and is easily visible, but the contractile vacuole now 
lies anteriorly between the ecto- and eiito-plasms. 

This species resembles the genera Cercol>odo Krassilstebik and Dimastih 
amtchii Blochiiianii rather closely in many respects. From the former, 
however, it is distinguished by the true aiiuuboid movements of the sessile 
form, while tlie fine radiating ])seudopodia which Blochmann mentions as 
being sometimes formed by Dhnastigamivba have not been observed. 

It occurred in only one of the present soil samples, but has been found on 
several occasions in small numliers in soil from Harpenden and from the 
Azores, W. Indies, and other localities. 

Sp. €. (Text-figs. 5, 6.) 

In its general appearance and movements this organism is somewhat like 
AllantUni tachyplooii (see p. 4(>1). The length is usually about 18 ft, though 
individuals as small as 10 ft or as large as 24 (i occasionally occur. The 
width is about half the length. The sides are straight and the ends both 
i^ounded. In section it is circular or slightly flattened ‘‘ dorso-ventrally.” 
The shape is persistent and the body not flexible, Imt finger-like pseudo- 
podia may occur at either end. These are usually about 4 ft to 6 /x long, but 
occasionally a much longer one is forme<l. A stout flagellum, slightly 
longer than the body, arises at the extreme anterior end, and is directed 
backwards as in A llantion. In most individuals a very short second flagellum, 
about 2 /a to 3 ft in length, can be detected. Near the base of the flagella 
ate two prominent contractile vacuoles, but ihe nucleus is usually indis- 
distinguishable in the living Organisms, and, as already mentioned, no 

34* 
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observations of its cytology have been made. The hind end of the body 
often contains a considerable nnmbei of grannies, apparently the remains 
of food, though the actnal ingestion of t>arteria has not been observed. The 
movements are very similar to those of the long Hagellnm being 

applied closely to the glass slide, and the whole animal gliding qnickly and 
steadily forwards. When the short second tlagollam was visible it moved 
vigorously from side to side, bat its movements were not sufficiently powerful 
to impart any vibration to the animal as a whole. The characteristic 
quiescence in a newly>prepared slide, noted in the case of Salnouron am 
(p. 460), is shown to an even more marked degree by this species, ns much as 
ten minutes sometimes elapsing before movements are resumed. If the drop 
of culture fluid is spread out on a >>1ide but not covered with a coverslip, 
activity recommences moch more quickly 

Fio. 6 


Fio. f>. 




None of these require any comment excejrt Cronfma sp., which was found 
in soil sample 5 (1021). The numerous specimens found appealed identical 
with those obtained in cultures of sea-weeds from Plymouth, and it is 
possible that they wore really marine organisms introduced into the soil in 
the droppings of sea-birds. Unfortunately at the time I was not aware of 
Sohewiakoff's and Buddenbrook's (8) work on this genus, and not having 
made drawings, cannot say whether the organisms found were U. mon- 
MM»i Dnj. or the very similar species I , kcKewiahof Buddenbrock, which 
appears to be a true fresh-water form. 


S. Bhisopoda. 

jlmo-io ft moj-.-— The identification of the difl'ereut species ol “limax'^amoelMei 
is usually only practicable when the complete life-history is known, or at 
least when both the active and the encysted stages are available. Xn the 
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cultures in which only active individuals could be found the identification is 
consequently incomplete. The common soil species A'tvglena (IMmastigamwba) 
griiheri (Schardinger) AlexeieflT was found in two of the soil samples, and 
the very similar form Hartmanella hyaUna Alexeieff in three of tlie mosses. 
A characteristic small species described in a recent paper (12) as sp. a also 
occurred in one of the moss samples. Unfortunately this organism docs 
not grow very w^ell in cultures, and consequently it is still impossible to 
complete the description of it, or to name it satisfactorily. 

Aimt*ba limicola Bhumbler. — This species occurred in only one culture and 
was smaller than usual, being only about 20 ya in diameter when rounded. 

Ammha ve^fpertilio Penard. — Penard records this species as being present 
en assex grand abon dance ’Mn his Spitsbergen material, but in tlie present 
investigation it was found in only one moss sample. The s}»eciinens examined 
were nearly all in the radiate form when first observed, but passed over into 
the more active non*radiate form when transferreil to a slide for closer 
examination. In the latter condition the average length was about CO^. 

One sample of moss from Prince Charles Foreland gave a few specimens 
of a smaller ammba which may belong to tins species. When active this 
animal is constantly and rapidly changing its shape, but does not progress. 
The pseiidopodia are numerous and are of two kinds — narrow finger-like ones 
reaching about 20 p in length, and other very fine ones which are even 
longer. At times the ammhse become roundcil and motionless, with very 
short finger-like pseudopodia projecting all over the body. The diameter is 
then from ISp to 30 /i. There is apparently only one contractile vacuole, 
which is situated near the middle of the body and at times reaches a very 
considerable size. 

Amosba terricola Greef occurred in three soil samples and in one moss. 
They were all j)erfectly typical except in size, in which respect tliey mostly 
agreed with those found by Penard. The specimens from tlie mosses were 
usually about 50 p in diameter and those from the soils even smaller (2 U/li). 
ISoil sample 4 (1922) contained a few full-sized ones of 120 /li in diameter, 
with a nucleus of 35yaxl3/i. and a contractile vacuole which at times 
reached a diameter of 50 /a. Though encystment is unknown in the European 
members of this species, it apparently does sometimes occur, for the si>eci- 
mens found in the material brought back by the British Antarctic Expedition 
of 1907-1909 were all encysted (26). No cysts were found, however, in the 
material. 

Aniaiba striata Penard. — This beautiful ammba occurred in its typical ibrm 
in one of the moss samples* When progressing steadily its diineusions were 
about 60 /A by 36 m* The large contractile vacuole (diameter 12 /a) is charnc- 
teriatio of the species, but in the present case it was almost invariably 
single. Once only was it observed being formed by the coalescence of three 
emaller vacuoles. 

A single small specimen (length 30 p) was found in another sample from 
the lame looality. 
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Anwha actinophora Auerb. — This organism, as it appeared in tbe cultures, 
agreed closely with the figures and description of A. actinophora given by 
( 7ush, but the envelope was much less well defined than in those figured by 
Penard (SS) under the name of Cochliopodium avtinophorum* Tlie usual 
appearance is of a small granular amoeba completely surrounded by a wide 
ectoplasmal border except during the extrusion of fsecal matter, when the 
granular endoplasm extends to the surface at the hinder end. In this con- 
dition it changes shape quickly or moves forward slowly, the appearance 
being somewhat like that of a broad liinax except for the wide clear border 
of ectoplasm. Tbe anterior end is wider than the posterior, and the con- 
tractile vacuole is anterior. At other times progression ceases, and long, 
pointed pseudopodia arise from the endoplasm, which projects rigiit through 
the ectoplasm. The length of the ammba varies from 24 p to 36 /i, and the 
pseudopodia may reach about 15 /it in length. 

Coryctajlava Greef. — Though empty, rolled-up tests probably belonging 
to this species were observed in many of the moss samples^ living specimens 
occurred in only two (one from each locality). They wore quite typical 
and the size was about 135 p. 

Several specimens of Corycia coronata var. simplejc (Penard), which is now 
generally regarded as a variety of C.flava (38), occurnnl in ono of the other 
samples from Klaas Billen Bay. Diameter of shell 105 to 120 /t. 

Difflugia, — As in Scourfield^s and Peiiard^s samples. 1). consiriria Ehrenh. 
was much the commonest testaceous rhizopod found. The numerous spec*]- 
mens recorded as />• globulus Duj. were all empty tests, and it is therefore 
impossible to be sure whether they belonged to this species or t.o the genus 
Phryganella Penard, as the two are distinguishable only by the iorni of the 
pseudopodia. The diameter W'as usually between 33 /a and 50 /a, but in one 
sample very large specimens (diameter 120 /a) were found which were more 
probably tests of Phryganella nidulua Penard. V. fallax Penard was also 
ver}^ common. The size was generally about 60 p in length by 54 p in greatest 
width, with an aperture of between 25 and W p. The smallest individual 
recorded was 30 p long and the largest 72 p. 

B, lucida Penard, the scarcest of the Difflugias found, occurred in only 
one sample. The size was usually about 54 p in length by 27 p in greatest 
width. One specimen reached a length of 80 p. 

D, pyriformis Perty was not common, and varied from 87/t to 105 g in 
length. 

Centropyxis . — Although the t'wo species of this genus were about equally 
widely distributed among the samples, the individuals of C. kmgata Penard 
were considerably the more numerous. They were mostly rather small speci- 
mens, the diameter of the shell usually lyiug between 60 p and 80 p^ with a 
height of 45 /a to 60 fi and an aperture of from 25 /a to 45 /z in diameter. 
A single very large specimen (144 /a in diameter and 72 /a in height) was 
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found which differed from the smaller ones in having a transparent yellowish- 
brown chitinous test free from sand-particles. 

The specimens of C. aculeata Stein were also on the average slightly 
smaller than usual, varying from 85 /a to 120 in diameter and with aper- 
tures of from 20 fi to 38 /x. Tins species showed considerable variation in 
form. The commonest typo agrees closely with Cash’s var. spinosa^ as the 
spines were relatively long and the mouth distinctly lobed. This type included 
the largest specimens found (diameter 114 /a to 120 /i,). In others the mouth 
was circular and the spines very short, often in fact reduced to mere knobs. 
The smallest specimens found, those wdth a diameter of from 85/4 to 95 /a, 
were almost invariably si^ineless, and no doubt belong to the C. aculeata var. 
ecornis of Leidy. 

Arcella. — Typical tests of A. arenaria Grcef varying in diameter from 
72/4 to 180/4 were by no means uncommon. The tests of A. vuhjaris Ehrenli., 
though clearly diftereniiated from the others bv the perfectly regular ilonied 
ap}>earanco without any border w^hen seen in side view, were deciilcdly 
larger than usual, being between 100/4 and 190/4 in diameter. 

Ilyaliysphema minuta Cash. — A very few specimens of this species were 
found in one of the soils. Average dimensions : length 34/4, greatest 
breadth 20/4, mouth 10/4. 

Kehela collaris Leidy. — Length 84/4 to 135/4, greatest width 48/4 to 72/4, 
aperture 18/4 to 30/4. A broken test was also found which apparently 
belonged to this species, and which when complete must have attained a 
length of al>out 160/4. In structure the tests all resembled that figured by 
Leidy (pi. xxiv. fig. 11). Scourfield also found some pitied like Hi/aloejthenia 
or like Leidy 's pi. xxiv. tig. 12. 

Sebela lageniformis Penard. — This is described by Cash (10) as a definitely 
sub-alpine species. Typical but rather small specimens were found in one of 
the soil samples, the dimensions being : length 103/4 to 105/4, breadth 
48/4 to 54/4, aperture 21/4 to 25/4, length of neck 33/4 to 36/4. 

Quadrula imgalaris Archer. — This species was abundant in most of the 
mosses from Klaas Billen Bay, and showed considerable variation both in 
size and shape. They mostly belonged to the variety glohulosa Penard, and 
had a diameter of from 25/4 to 45/4 and an aperture of from 9/4 to 15/4. But 
several were more elongated and frequently not quite symmetrical, belonging 
therefore to Penard’s variety ohlonga. 

Euglyplun, — The specimens found were all typical and require little 
comment. 

E. ciliata Ehrenb. was the commonest sjiecies in the mosses from Klaas 
Billen Bay, and varied from 70/4 to 90/4 in length and from 51/4 to 60/4 in 
greatest width. 

E» strigosa Leidy was also common. Most of the specimens belonged to 
the variety glabra Wailes, and varied in length from 63/4 to 96/4, in greatest 
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width from to 86/i, and with aperture.^ botwoen 1«5 /a and 24/it wide. 
Two ciliutod specimens only were fonnd \uth the dimonsions : length 56 /si 
and 65/1, greatest width and 43/x, and apertures 15/i and 81/ii. 

Kn tubfTculaia Duj. occurred in one sample only. The dimensions were : 
lengtlj 56/4. greatest width 27/4, aperture 12/4, body-scales (elliptical) 7/4 long. 
This is no doubt the jB. alveolata found by Ponard and Scourliehl. 

E. Icrvis Perty. — ^This species was not at all oomnioii and most of the 
specimens fonnd were damaged, so that the ideiititieation was in many cases 
not very satisfactory. The dimonsions of those fonnd in the mosses were : 
length 39/4 to 60/4, greatest width 24/4 to 40/4, and aperture 11/4 to 15/4. 
The specimens found in the soils were smaller, some being only 18/4 long. 

Assulhta viuscorum Greof (J. minor Ponard and A, seminulum (pars) 
Leidy). — ^Typical specimens varying from 45/4 to 54/4 in length w<»re almn- 
dant in two of the moss samples from Prince (^barles Foreland; in fact, their 
presence constituted the most striking diffenmee between these mosses and 
those from the other locality. They were also ((uite niinuTOUs in soiik' 
of the soils, but these specimens w'ero rathor mon* variable in size (length 
33/4 to 53/4) and in shape, whieh was freipiently asyninn^trieaJ. Tlie soil 
specimens were also quite colourless, but ar» they were all dead it was 
impossible to decide whether this wnis duo to tln^ usual l>rown meuihr.ine 
having been destroyed by the soil solution or wlu^ther they really belonged 
to a colourless variety. 

t'ffphoderia ampulla Aar. vifraa Wailes, — Only a few individuals of this 
species were found, and in most eases it was impossible to distinguish the 
structure of the test, which ajipeared quite homogeneous. In one (‘ase, 
however, regular polygonal scales could be <le1eete(l. The specimens were 
uniformly small, the length varying from 50/4 to 56/4 instead of the normal 
100/4 to 120/4 (22), with a greatest width of 25/4 to 27/4 and an aporture of 
10/4 to 12/4. The usual yellowish tint w^as aUo absent and the tests (which 
were all empty) were perfectly colourless. 

In each of three moss samples a single specimen of a larger yellowish 
retorirshaped test was found. Two of these measured 75/4 in length and the 
third was nearly 170/4. These tests showed no trace of any structure and 
were all flexible, being in fact dented and creased when found. The section 
appeared to be circular, but it was impossible to be quite certain of rhis 
owing to tile damage that they had sufiEered. They probably belonged to the 
species Campascits iriqueter Penard, which is confined elsewhere to lakes of 
glacial origin and is consequently regarded (24) as a relict of a true arctic 
fauna. The occurrence therefore of this otherwise lacustrine form in arctic 
inoBses is of particular interest, and it is unfortunate that no undamaged 
specimens were found. 

7nn^;/ia.— enchelj/s Ehrenb. and 7. lineare Penard were both quite 
common, though the former species was not recorded from Prince Charles 
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Forelaud. The former varied from 33 /a to in length and the latter 
from 16fi to 30 /x. Trinema atmplanalum Penard was also common in two of 
the moss samples from Prince (Charles Foreland, and is no donbt the form 
observed by Scourfield (1/400" long) which he compares with Leidy (pi. xxxix. 
figs. 41, 54, 61, 63). They were mo^itly between 45 p and 50/i in length by 
21 p to 30 /A in width, but a few were considerably larger, ranging up to 
75/a long. One sample from Klaus Billen Buy contained, in addition 
to all these three species, a few large specimens nearly 70/a in length of 
7”. enchelys var. gahata Penard, a form' very like T. complamitum^ but 
distinguished by the presence of lines on the ventral surface curving 
backwards from the aperture to the sides of the test. 

Corgthion duhivm Taranek. — This was very scarce even in the two samples 
in which it was present. They were mostly from 40 /a to 50/a in length, but 
one reached 65 /a. 

Chlamydnphrys devcorea Cienk. — The classification of the tlmnydophrys 
group of rliizotioda has recently been revised l>y Beiar (6), but, as his 
difiereiitiation is based on the details of nuclear division, it could not be 
followed here, so the older and wider name ('• is therefore rchiined. 

Judging from the size (length between 24g- to 27/a by 10/a to 21/a), the 
specimens found probably belong to the species C. Hvhaudbun Schussler. 

yuclearia simplex (^ienk. — The individuals found were all colourless, and 
appeared identical with those found in flnglish soils. 

AHlnophrys sp.— Only a single >peeimen was fouml, and unfortunately a 
<Ictailed examination was' not possible. The diameter was 21 /a. IV.iiard 
obtained from Spitsbergen a small new species of Raphidiophrys {R, brnnii) 
of similar dimensions, to which this specimen may have belonged. The two 
genera are di.^tiuguished by the presence of minute spicules in the gelatinous 
envelope of Jiaphidiophrys which are absent in the case of AetinoplirySy but 
us they aro not usually visible in the living animal, it is impossible to say 
whether they were present or not in the specimen found. 

SCMMAUY. 

The protozoa contained in 3 samples of mud, 8 samples of soil, and 14 
samples of mosses from Spitsbergen have been investigated. An abundant 
fauna was found, most of which was identical with that occurring in the 
soils and mosses of temperate lands. 

Seven new species of flagellates are described, of which however five have 
also been found in soils from non^arciic regions. 

In conclusion, I wish to thank Mr. 6. 0. Sawyer for the soil analyses, 
Mr. E. M. Orowtber for the pH estimations, Miss L. M. Crump for sug- 
gestions of names for the new species described, and especially Mr. D. W. 
Cutler, under whose supervision the whole of tlie work has been carried out. 
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EXPLANATION OF PLATE 24. 

All the specimens were fixed in Schaudinu's alcoholic subliuiatt* -J- •> per cent, acetic 
acid »nd stained in IleideithuinV haunatoxyliii. The iiguivs Aveie drawn with the camera 
lucida and a Zeis-s 1/12" objective and are X btXKJ, except fig. 16 which h x 2500. 

Figs. 1-3. iSninonron w/iAto/c^iod, t>pu’al fornss. 

4,5. ,, „ sessile forms with ingested food bodies. 

Fig. t:. „ „ cyst. 

7. Sainmron oxh, t 3 *pical active form. 

8. „ „ showing plastic beak. 

9. „ „ beak withdrawn. 

10. „ ,, cjst. 

Figs. 11,12. Allantion tachypUmi. 

Fig. 13. Aniifotiema mirtUH. 

Figs. 14, 16. rhalamterium solitanton. 

In fig, 16 only the thickened basal part of the flAgtdhiin is shown. 
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On a Collection of Sponges from tlie Abrolhos Tslarids, Western Australia. 
By Authuh Dendy, D.Sc., F.R.S., F.L.S., Professor of Zoology in the 
University of London (King^s(’ollege), and Leslie M. Frederick, M. Sc., 
Harold Row Student in the Zoological Department, King’s College. 

(Plates 25 & 26.) 

[Read 2l8t June, 1923.] 

Introduction. 

The collection of Sponges made by Professor Dakin at the Abrolhos 
Islands is a very rich and, in some respects, a very remarkable one. It 
comprises 48 determinable species^ of which 12 are regarded as new. The 
collection is especially rich in (]!alcarea, and includes a number of fine 
specimens of that extremely rare and interesting sponge Grantiopsis cjy/m- 
driea ; a new species of the no less rare and remarkable genus Lelapia^ and 
a new genus of Leucsiscidae. The Tetraxonida, as usual, form the bulk of 
the collection, but do not include any very striking novelties ; there are, 
however, two rather remarkable new species of Euceratosa. 

The following is a complete list : — 

Order CALCABEA. 

' Family HoMOCCELiDiG. 

1. Leucosolenia ffrisea n. sp. 

2. Leucottolenia proiogems Haeckel. 

Family Leucascidjs. 

3. Aacoleuvetta compressa n. gen. et sp. 

4. Leuc^tta chagosensis Dendy. 

f). Leucetta mivrorapliU Haeckel. 

Family LEUCALTiDiE. 

6. Lenraltis dathria Haeckel. 

Family Syobttid;k. 

7. Sycon gelatinomm de Blainville. 

Family Hetbropxid.£. 

8. Vosmaeropm mackinnoni n. sp. 

Family GRANTnoiE. 

9. GrarUiopaia cylindrica Dmdy. 

9 a. Grantiopaia cylindrica Dendy var. fnitivoaa nov. 
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Family Lblapiidje. 

10. Lelapia antiqua n. sp. 

Order TETRAZONZDA. 

Hub-order Homosolekophora. 

Family Plakintdjc. 

1 1 . J>erntopsii minor Uendy* 

12. Drrvitopsis mammillaris (Leiidenfeld). 

Snl>-order A^trotetraxonid A. 
Family STBLLE'mDiE. 

13. SteUetta hrevn Hentschel. 

14. Sielletta dehiU»T\nQ\i^. 

15. StelUtia Hipmatricena Lendenfeld. 

16. Aiijcorim australiensis (('^arter). 

17. Anrorina hrevidens n. sp. 

18. Aurora rowi Deudy. 

19. Aiteropus smpJe.r {(Wter). 

Family ERTLiDiE. 

20. Erf/Ins proxinnis Pendy. 

Family DoNATirDJE. 

21. Donatia rohiuta (Bowerbank). 

22. Jhnatia multistelta ( Lendenfeld). 

Family Chondrosiidab. 

23. Chondrilla australienm Carter. 

Sub-order Sigmatotetraxonida. 

B'aniily HAPLoscLEUiXiiE. 

24. Reniera aqwrdvrtm Schmidt. 

25. Henivra vribrh utis Dondy, 

26. lieniera permoUis (Bowerbank). 

Reniera spp. 

27. Petroeia dura (Nardo) Vo«<maer. 

28. llalichondria jihakeUioides ii. sp. 

29. Chalina palmata (Lamarck). 

Chalina sp. 

Paehyehalina sp. 

30. ('eraoeluilina muHiformis var. manaarensie Dendy. 

31. PhtcpoJictyon al>rolhoMenm n. sp. 
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Family Desmacidonidje. 

32. Pseudoesperia oarteri n. sp. 

33. Pupudopsperia trirhopho7*a n. sp. 

34. Ksperella phimosa Carter. 

35. Biemna tubulata Dendy. 

3G. Ee.hinodictyum hilampllatuin (Lamarck) llidley. 

37. Anrhinoe firfitioides n. sp. 

38. Dendoricella schmidti (Ridley) , 

Family CLAViiLiD-ffi. 

39. Tracliycladus hevispirulifer (.Jarter. 

40. Sigmosreptrella fibrosa Dendy. 

41. Spirastrella mgahunda Ridley. 

42. Aapfos aaptos (Hchrnidt). 

43. Polymastia immmillans (0. F. Milller) Bowerbank. 

Order EUCEBATOSA. 

Family Darwinellid-*:. , 

44. Megalopastps arenifihrosa n. sp. 

Family Spongeliid.e. 

45. Spongelia dakini n. sp. 

46. Psanunopemma erassum Carter var. 

Family Spongiidjes. 

47. I lippospongia intestinalis (Lamarck). 

48. Coscinoderma pyriforvie Lendenfeld var. oe. 

48 a. Coscinoderma pgriformi Lendenfeld var. 

As might bo expected from the position of the Abrolhos Islands, the 
syionge fauna is mainly intermediate in character between that of the more 
westerly Indian Ocean and that of the more easterly Australian coasts, but it 
contains a small element apparently derived from the North, viz. Lelapia 
antiquay lu^arly related to the tiapanese /.. nipponica ; SteUeita debilisy pre- 
viously known only from Tcrnaie, and Avcorina brevidens, very closely related 
to Anconna amboinensis from Amboina ; while Echinodirtyum bilaniellatumy 
though widely spread on the eastern coasts of Australia, seems to be a 
characteristically tropical or sub-tropical species. 

have to record our indebtedness to Professor W. J. Dakin, D.Sc., for 
the opportunity of studying this valuable collection ; to Mr. M. Burton, M.Sc., 
for determining the two species of Ponatiay a genns to which he has devoted 
special attention; to Mr. Charles Biddolph, the skilled assistant in the 
Zoological Deim.rtment of King^s College, for the photographic illustrations, 
and to Mr. J. C. Dendy for help in section-cutting. 
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1. Leucosolknia ohisea n. sp. (PI. 25. fig. 1 ; PI. 26. fig. J .) 

There are two speciihens in the collection, the larger (R.N. VJ. 21), which 
IS attached to a roch by its base, is plicate, consisting of vertical lamellse 
which fold and branch in such a way as to lie parallel to one another 
(PI. 25. fig. 1). The total height of the specimen is 30 turn., the total width 
25 mm., and the average thickness of the lamellfe 1*5 mm. The second 
specimen (H.N. IV. Sa) consists of a carved lamella, forming an imperfeck 
funnel 20 mm. in height and 10 mm. in diameter at the top. 

The surface is smooth, even and sieve-like in appearance, owing to the 
pseudopores which arc thickly and evenly scattered all over it. The oscula, 
whichare marginal in position, are about 1 mm. in diameter and have a slightly 
prominent margin. Colour in spirit grey ; texture firm and compact. 

The pseudopores, which are nearly circular and measure about 0*2fi mm. 
in diameter, pierce tiie pseudoderm, which is about 0*07 inin. in thickness, 
and lead into wide, irregular interspaces lying between the branching and 
anastomosing Ascon tubes. The prosopylcs are accompanied by groups of 
black pigment granules which doubtless indicate the porocytes^ as in the 
case of Leucosolenia coriaeea as described by Minchin [1900], and in that 
of Leucosolenia cavata Dendy [1891] ; it is the presence of this jet- black 
pigment which gives the sponge its characteristic grey colour. The granules 
are not confined to the porocytes, but are also found scattered in the fiat 
epithelium. The secondary Ascon tubes open into the main cxbalant canals, 
which are also lined by basinucleate collared cells, and open to the exterior 
by true oscula. 

The canal system conforms to type B. (Dendy [1891].) 

The skeleton consists of triradiate and quadriradiate spicules arranged 
irregularly in one or more layers in the walls of the Ascon tubes ; the tri- 
radiaies are more densely packed in the thick pseudoderm. 

Spicules : — (1) Triradiatcs (PL 26. fig. 1 a) ; equiangular ; niys measuring 
about 0*14 mm. by 0*013 mm. ; straight, conical, rather bluntly pointed ; 
usually equiradiate, but the basal sometimes a little longer than the oral rays. 

(2) Quadriradiates (PL 26. fig. 1 b) ; rather scarce, like the triradiates 
but with the addition of a long, slender, slightly curved and sharply pointed 
apical ray which projects into the gastral cavity. 

This species is readily recognised by its characteristic external form and 
its grey colour, due to the black pigment granules. 

Register Nos. and Localities. IV. 3 a, Wooded Isle ; VI, 21, Sandy Isle. 

2. Leucosolenia pbotogbnes EaeeieL (PL 25. fig. 2.) 

(For discossioii and synonyuij vide Dendy [1891].) 

There is in the collection a single small epecimeii (PI. 25. fig. 2) of this 
common Australian spedes. 

Register No. anxl Locality. VITI. 4, Sandy Isle. 
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Genus Abcolbucetta n. gen. 

Leucascidse with a well-developed dermal cortex densely packed with large 
and small triradiates and pierced by well-defined inhalant apertures guarded 
each by a fringe of hair-like oxoa projecting radially inwards from 
within the margin. The elongated and much branched fiagellate chambers 
are more or less radially arranged around the wide exhalant canals, which 
open by numerous oscula. 

3. Asooleucetta compbessa n. sp. (Pi. 25. fig. 3 ; PI. 26. figs. 2, 3^ 4, 5.) 

The sponge, which measures 25 inin. in height, 22 mm. in greatest width, 
and has an average thickness of 4 mm., forms an erect, compressed, irregular, 
more or less lobulated mass. The surface is smooth but uneven, and sieve- 
like in appearance owing to the presence of numerous small, circular, inhalant 
apertures, about 0*2 mm. in diameter, which are closely and uniformly scattered 
all over it. The oscula, which measure about 1 mm. in diameter, are arranged 
singly and are for the most part marginal. Colour in spirit light greyish 
brown ; texture firm and compact, rather hard. 

The inhalant apertures (PI. 26. fig. 5) pierce the well-developed dermal 
cortex, which is about 0*13 mm. in thickness, anJ lead into large, well- 
defined inhalant canals which run in between the fiagellate chambers. The 
latter are much elongated and copiously branched ; they tend to be radially 
arranged round the larger exhalant canals, with their blind ends directed 
more or less at right angles towards the dermal surface (PI. 26. figs. 3, 4), 
The chambers, whose walls are pierced by numerous prosopyles, open into 
wide exhalant canals which lead up to the vents. The collared cells are basi- 
nucleate and conKned to the radial chambers, being absent from the exhalant 
canals. 

The skeleton consists of triradiates and quadriradiates, for the most part 
equiangular and equiradiute. The dermal cortex (PI. 26. fig. 5) contains 
numerous large triradiates arranged tangentially, intermingled with small 
triradiates which are packed in a dense feltwork around the margins of the 
inhalant apertures. These apertures are guarded by a fringe of hair-like 
oxoa projecting radially inwi^rds from the margin in small groups (PI. 26. 
fig. 5). There arc no large spicules iu the interior of the sponge, small tri- 
and quadriradiates being scattered closely but irregularly in the walls of the 
radial chambers and exhalant canals, the facial rays lying tangentially, 
while the slender apical rays of the quadriradiates project into the chambers 
and into the exhalant canals* 

(1) Large triradiates (PI. 26. fig. 2 a) ; with conical, straight 
or slightly crooked, gradually or sometimes rather abruptly sharp-pointed 
rays, meesuring about 0*35 by 0*052 mm. 

(2) Smalt triradiates (PI. 26. fig. 25) ; with straight, conical, bluntly 
pointed rays, measuring up to 0*14 by 0*03 mm. All the triradiates are 
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eqnianf^Iar aod more or less equiradiate, but sometimes the rajs become 
slightlj nneqaal. 

<3} Qoadriradiates of three kinds : (a) (PI. 26 . fig. 2 c), regular, verj 
abundant, like the small triradiates with the addition of a slender, carved, 
often crooked, apical raj ; the facial rajs measare about 0*15 bj 0'035 mm. : 
(&) (PI. 26 . fig. 2 d), sagittal, with a wide oral angle and a slender, baok- 
wardlj directed, verj slightlj carved apical raj ; the oral rajs (which 
measure up to 0*13 bj 0'02 mm.) are sometimes slighUj curved, the basal 
raj is slightlj shorter than the oral and straight and conical : these spicules 
are not verj abnndani and are probablj confined to the exhalant canals and 
the oscular margin : (e) (PI. fig. Te), sagittal, small, verj irregular, 
nsuallj with carved, crooked rajs, measuring about 0*1 bj 0*019 min. 
(i^) and (c) have onlj been found in boiled-out preparations. 

(4) Trichoxea (PI. 26 . fig. 5, tr.) very slender, sharp-pointed, measuring 
about 0*16 mm. in length. 

Begisler No. and Locality. III. 12, Wooded Isle. 

4. Leuoetta chagosknsis Dendy. 

Leucetta chagosensis Dendy [1918]. 

There are two specimens in the collection. One (R.N. II, 4), which measures 
32 mm. in length, 16 mm. in height, and has an aversige thickness of 8 mm., 
is compressed and irregular, proliferating into short, nodular processes ; the 
vents, which have slightly prominent margins, are scattered and vary in size 
between 1 and 2 mm. The second specimen (R.N. II. 5 b) consists of three 
small lobose fragments which have been broken off a larger specimen. 

The Abrolhos specimens' agree closely with the type except that the 
ectosome is thinner and the subdermal cavities slightly smaller. Numerous 
embryos are present, the structure of which indicates clearly that the larva 
of Leucetta is a parenchymula. 

Previoudy known Distribution. Ohagos Archipelago, Indian Ocean {Dendy^ 

Register Nos. and Locality. 11. 4, TI. 5 A, Wooded Isle. 

5. Leucetta hicrobaphis Haeckel. 

Leucetta primigenia var. microraphis Haeckel [1672]. 

Leuconia dura PoldjaefE [I®^]* 

Leucetta primigenia var. mu^’orrhaphis Ridley [1884]. 

LeuceUa nUcrorhaphis Leadenfeld [1885], 

Leutandra nuerarhaphis Dendy [1892]. 

Leuoetta microraphu Dendy k Row [1918]. 

The single specimen consists of a small, oblong fragment measuring about 
22 by 10 mm. ; at one end there is a small slit-like vent measuring about 
2 by 1 mm. Colour in spirit tight brown ; texture very hard and coarse. 

The skeleton consists of triradiate spicules only; these are of two sizes and 
scattered irregularly throughout the sponge except at the snrfaoe^ where 
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they are arranged tangentially. The rays of the large triradiates measure up 
to 1*1 by 0’23 mm., those of the smaller 0*18 by 0*013 mm. 

Previously known Distribution. Bermudas {PoUjaeff^ ; Australia {PoUjaeff, 
Ridley^ Lenden/eld^ Dendy). 

Register No, and Locality, VI. 17 Sandy Isle. 

6. Lbucai.tis olathria Haeckel. 

(For literature and i^nonymy mde Dendy and Row [1918].) 

There are two very fine specimens of characteristic external form, each 
measuring about 80 mm. in diameter. 

Previously known iJistrilnUion. See Dendy [1913]. 

Register No, and Locality. III. 3, IV. 2, Wooded Isle. 

7. Sycon gklatinosum de lilainville. 

(For literature and synonymy vide Dendy and Row [1013].) 

There are six specimens of this common Australian species in the collection, 
usually forming colonics of several or many persons, but varying considerably 
in the size of person and in the way in which the colony branches ; the 
largest person measures 25 mm. in height and 12 mm. in greatest diameter. 

The colour in spirit varies from light yellowish brown to dull greyish 
brown. The oseula are all provided with a fringe of spicules. 

There is one s[>eciinen (R.N. VII. 1 d) consisting of a single person only ; 
it is 16 mm. in height and has an average diameter of 7 inm. ; the colour in 
spirit is almost uhite. 

The internal structure and spicnlution of all the specimens are typical. 

Previously known Distribution. Australia (various authors and collections) ; 
Java [Haeckel), 

Register Nos, and Localities, II. 2, II, 5 a, III. 2, III. 13 a, III. 13 i. 
Wooded Isle ; VII. Id, Sandy Isle. 

8. VOSMABROPSIS MACKINNONI n. sp. (PI. 25. fig. 4 ; PI. 26. fig. 6.) 

Sponge (PI. 26. fig. 4) colonial, consisting of a number of short, thick, 

subcylindrical individuals united together in an irregular manner along a 
greater or lesser portion of their length. Each individual has a circular or 
oval osculum at its summit ; in perfect individuals a beautiful oscular fringe 
is present, formed of very long, hair-like oxea ; in others this fringe is broken 
ofiE short* The individuals vary rather in size owing to their peculiar 
branching and colonial habit ; an average full-grown person is 15 mm. in 
height and 3 mm. in diameter, the thickness of the wall being 1*3 mm. The 
outer surface is rough and uneven, and large oxea can be seen projecting 
irregularly from it ; these oxea aVe more or less absent from the basal portions 
of Ae sponge, where the surface is much more even and only slightly 
roughened. Colour in spirit pale brown ; texture rather fragile. 

35* 



484 


PBOF. A. DENDT AND MISS L. M. FREDERICK CM 


Both dermal and gaatral ooriices are well developed^ the former about 0*18 
and the latter about 0*1 mm. thick. Between these lies the chamber layer 
with a thickness of about 1 mm. 

The canal system is “ sylleibid,” the elongated flagellate chambers, up to 
0*4 mm. in length, opening into wide exbalant canals, which interdigitate 
with the main inhalant canals running in from beneath the dermal cortex. 
Small, scattered dermal pores lead into mneh narrower inhalant canals, which 
pierce the dermal cortex to open into the wide outer ends of these main inhalant 
canals. 

The collared cells are apicinucleate. 

The skeleton of the dermal cortex consists of tangentially placed triradiates 
of various sizes, beneath which lie the short rays of the snbdermal pseudo- 
sagittal triradiates. 

The skeleton of the gastral cortex consists exclusively of rather slender 
triradiates arranged tangentially, wliich become strongly sagittal (alate) 
towards the osculum, with the oral arms extended parallel with the margin of 
the latter. 

The skeleton of the chamber layer consists of (1) the contripetally directed 
rays of the large subdermal pseudosagitlal triradiates, (2) very large and 
stout subgastral sagittal triradiates, (3) similar triradiates whose paired rays 
lie at a variable distance beneath the gastral cortex, (4) the inner portions of 
the large oxea, whose outer portions project through the dermal cortex. 

Spicules i — (1) Triradiates of the dermal cortex (PI. 26. fig. 6d) ; approxi- 
mately regular, with conical, gradually tapering, sharply-pointed rays, 
measuring from about 0*23 by 0*026 to 0*4 by 0*04 mni. 

(2) Triradiates of the 'gastral cortex (PL 26. fig. 6 e) ; approximately 
regular and more or less strongly sagittal; much smaller on the average than 
those of the dermal cortex, witli slender, gradually tapering, sharply-pointed 
rays measuring about 0*21 by 0*013 ram. 

(3) Subdermal pseudosagittal triradiates (PI. 26. fig. 6 c) ; the three rays 
are all different ; the true basal ray, now forming a false pair with one of the 
orals, is the shortest of the three and straight or nearly so, conical and 
gradually sharp-pointed, measuring, say, 0*21 by 0*026 mm . ; the oral ray 
which forms an apparent pair with the basal is rather longer, measuring, say, 
0*26 by 0*026 inm., and more or less crooked ; the other oral ray, now 
centripetally directed, is much longer and more slender, measnring, say, 0*5 
by 0*02 mm., perfectly straight and gradually sharp-pointed. 

(4) Subgastral sagittal triradiates (FI. 26* fig. 6 b ) ; very large and stout, 
rays Gonical, gradually and sharply pointed, oral rays often slightly curved or 
crooked, basal ray (centrifugally directed) longer than orals; dral rays 
measuring, say, 0*41 by 0'04 mm., with hasaj 0*52 by 0*05 mm., but variable. 

(5) More distal triradiates of the chamber layer (PI. 26. fig. 6 h) ; not 
sharply distinguishable from (4), but usually with shorter basal rays and 
straighter orals. 
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(6) Large oxea (PI. 26, fig. 6 a), echinating the outer surface of the 
sponge ; stout, curved, often crooked, especially the outer part, the inner 
portion being straighter and tapering more gradually; fairly sharply pointed 
at each end ; measuring up to 1*2 by 0*06 min. 

(7) Oxea of the peristoinial fringe ; very long and slender, hair-like, 
usually broken off ; measuring up to 2*3 by 0*009 mm. ; outer ends hastate, 
very sharply pointed. 

It is quite possible that this species may prove to be identical with one or 
other of two species in the Hamburg South-west Australian collection for 
which the laie Mr. How proposed the names Vosniaeropsu dendyi and 
V, pnmitimn Those names are given in Dendy and Row’s “ Olassification and 
Phylogeny of the Calcareous Sponges*^ [1913], but no descriptions have yet 
been published. Beyond the fact that the species in question belong to the 
same section of the genus as V, mackinnoni^ it is impossible at the present time 
to say anything about them, us the specimens have been sent to Japan for 
further investigation by Dr. Sanji Hozawa. 

Register No, and Locality, IV. 1, Wooded Isle. 

9. GrllANTIOPSIS CYLINDRICA Dendy, (PI. 25. figsl 5, 6, 7, 8; PI. 26. fig. 7.) 
Hypograniia infreqaem Carter 
Grantiopsis cyUndrica Bendy [1^9!?, 184*5 Aj. 

OroiUiopnB cylukdrica Bendy & Row [1913j. 

Grantiopsis infretiuetis Bend^* & Row [1913]. 

There are five specimens in the collection, which vary slightly in si/e and 
appearance ; each consists of a single person only. 

R.N. I. 1 (PI. 25. fig. 8) is typical ; it is attached to a rock by its base, and 
forms a slightly curved, cylindrical tube, 20 mm. long and 5 mm. in diameter, 
with a slightly constricted, terminal oscnlum, almost without fringe ; the wall 
of the tube is 1 mm. in thickness. The surface is almost smooth, with a 
characteristic glistening appearance due to the presence of the largo 
tangential triradiates. Colour in spirit almost white ; texture firm and 
compact, but brittle. Other typical specimens are shown in tigs. 5-7. 

The skeleton arrangement, the form and size of the spicules, and the canal 
system agree closely with those of the typo of the species as described by 
Dendy [1892], and a detailed description is therefore not necessary. As, 
however, the spicules have not as yet l>een figured separately, but only in the 
transverse section given by Dendy [1893 A], we take this opportunity of 
supplementing bis description with the necessary illustrations (PI. 26. 
fig- 7, a-4 ; xvie also Deaoriptioa of Plates). 

In their ** Olassifioation and Phylogeny of the Oalcareons Sponges ” [1913], 
Dendy and Row have pointed out tliat Carter’s Jlypoijrantia injrequens is 
undoubtedly a apeoiea of QtatUiopm, but, according to Mr. Uow’s observations 
on ntaierlal collected by the Hamburg Sontli-west Australian JDx^tedition, 
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different specifically from <?. cjflindriea. We are now in a position, however, 
as the result of microscopical examination of the very small, fragmentary type 
in the British Museum, to state that Hypograntia infrequent and Grantiopsis 
cglindrica are specifically identical. This being the case, it might be argued 
that both the generic and the specific names proposed by Carter should take 
priority. 

As to the generic name Hypograntia^ it must be pointed out, in the first place, 
that the diagnosis of this genus contains nothing that is distinctive, and is 
founded upon an obvious error with regard to the structure of the canal- 
system, and, in the second place, that although Hypograntia infrequent is the 
first of six species described in the same paper, it is said to be incerim tedis^** 
so that it cannot reasonably be regarded as the type of the genus, and as it is 
quite distinct generically from the five remaining species, it seems advisable 
to retain the generic name Grantiopsis (originally regarded as a subgeiuis of 
Grantia). 

As to the specific name infrequens, it must be pointed out that Carter's 
description of the species is quite unrecognisable. He altogether omits the 
most characteristic feature of the sponge, viz. the reduced tubar triradiates, 
and describes the subgastral quadriradiates as triradiates. It was only the 
fact that we happened to have access to Mr. Carter’s manuscript drawings that 
put tis on the track of the identification. Even in these drawings the reduced 
tubar triradiates are not shown. Had the identification bet n established 
before the publication of the name Grantioj;ms cylitulrira^ it would doubtless 
have been better to call the species Grantio 2 }sis infreqiiens^ but as the former 
name has now become established in the literature and as Mr. C/arter’s s})ecies 
was not recognisably described, we see no sufiBcient reason for reverting to 
his name. 

Previously known Distribuiiotu Port Phillip Heads {Trendy ^ Carter ) . 

Register Ro. and Locality. I. 1, VI. 17c, VJI. la, VII. Ih, VII. Ic, 
Sandy Isle. ^ 

9 a. Grantiopsis oylindrica Dendy var. fbuticosa nov. (PL 25. fig. 9.) 

The specimen, which is colonial, branched and bushy, consists of about 14 
persons united together at their bases by short connections ; each person 
forms a slightly carved cylindrical tube with a circular oscnluin at the 
summit without projecting fringe ; the persons average only 12 mm. in 
length, with a nearly uniform diameter of 3'5 mm. ; they have an almost 
smooth surface, with a characteristic glistening appearance due to the 
presence of the large tangential triradiates. Ooloor in spirit very pale 
ooffee-brown ; texture compact and firm. The skeleton arrangement, canal 
system and spiculation agree so closely with those of the typical form that 
no detailed description is necessary. ' 

The variety differs from ihe type of the species chiefly in its bushy habit 
and the snmller size of the individual persons, but alsq in that the dermal 



8P0NGBS FROM THE ABROLHOS ISLANDS. 


487 


cortex forms only about one-third of the total thickness of the tube as coui- 
pared with about half in the typical form, while the spicules generally are 
slightly smaller and the rays of the large dermal triradiates somewhat 
shorter and blunter* 

Register No, and Locality, III. 4, Wooded Isle. 

10. Lelapia ANTiguA n. sp. (PI. 26. fig. 10 ; PI. 26. fig. 8.) 

The single specimen, which is attached by its lower end to a ])iece of 
calcareous debris, measures 20 mm. in height and 10 mm. in greatest 
diameter. It is erect, club-shaped, somewhat curved upon itself and slightly 
flattened in one plane. The single oval osculum, which measures by 2 mm., 
is nearly terminal in position and has a well-developed, collar-like peristome. 
The surface of the lower two-thirds of the spongs is smooth ; that of the 
upper third is coarsely and unevenly hispid, owing to large projecting 
brushes of long, slender oxea. Colour in spirit light yellowish grey ; 
texture firm. 

The dermal cortex is about 0*42 tnm. thick, the gastral cortex about 
0*13 inm., and the chamber layer, between the two, about 1*95 mm. 

There appear to be numerous small dermal pores scattered over the surface, 
but now’ very difficult to recognize. 8hort and narrow canals lead from the 
surface into large and very irregular crypts in and beneath the dermal 
cortex, from which the rather wide inhalant canals run radially inwards. 
The canal system is typically leuconoid. The flagellate chambers, thickly 
scattered in the clear, gelatinous mesogla^a, are oval and about O'l mm. in 
longer diameter. The main exhalant canals open radially into the large 
central gastral cavity. 

The collared cells are apicinucleato. 

The skeleton of the dermal cortex consists of two very distinct parts : 
(1) several layers of slender-rayed, normal sagittal triradiates, arranged 
tangentially, the whole about 0*085 inm. thick ; (2) a deeper and thicker 
part, consisting of longitudinal bundles of huge oxea, the whole about 
0*34 mm. thick. The dense brushes of slender oxea that project fiom the 
surface may also be included with the skeleton of the dermal cortex. 

The skeleton of the chamber layer consists of (1) a confused interlacement 
of huge oxea, lying in all directions ; (2) radially or suhradially arranged 
fibres or bundles of tuning-fork spicules, with the unpaired rays directed 
outwards ; (3) the basal rays of subgastral sagittal triradiates. 

The skeleton of the gastral cortex consists of several layers of alate 
triradiates lying tangentially but otherwise without definite arrangement, 
backed by the oral rays of the subgastral sagittal triradiates. 

The skeleton of the peristome is rather remarkable ; tliere is no fringe of 
freely projecting spicules, but a thin peristomial membrane supported by a 
dense but approximately single layer of huge oxea, which are really a 
continuation of the deeper skeleton of the dermal cortex, lined by a layer of 
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alate quadriradiates with short apical rays, £oriuing a continuation of the 
gastral skeleton, but with the paired rays arranged more regularly, parallel 
with the oscular margin. 

Spicules z — (t) Normal sagittal triradiates of the dermal cortex (PI. 26. 
fig- 9 with slender, gradually sharp-pointed rays ; the oral angle is very 
wide and the oral rays measure about 0*23 by 0*014 mm. ; the straight basal 
ray is longer than the orals and measures, say, 0*4 by 0*013 mm. 

(2) Subgastral sagittal triradiates (PI. 26. fig. 8 c') ; these are like the 
normal sagittal triradiates except tbat the rays are stouter and the orals more 
distinctly recurved ; the orals measure up to 0*3 by 0*026 mm«, with the 
basal 0*5 by 0*03 mm. 

(3) Laterally extended (alate) triradiates of the gastral cortex (PI. 26. 
fig. Sd) ; the oral rays are straight or very slightly recurved, gradually 
sharp-pointed, measuring up to 0*31 by 0*010 mm., and the oral angle is so 
wide that the rays are almost in the same straight line ; the basal ray is very 
short, straight and conical, measuring about 0*04 by 0*01 ram. 

(4) Alate quadriradiates of the peristome (PI. 26. fig. 8 e) ; these are 
similar to the alate triradiates, with the addition of a very short, straight, 
sharp-pointed apical ray. 

(5) “Tuning-fork” spicules (PL 26. fig. 8/); with straight, slender, 
gradually sharp-pointed rays ; the basal ray is the longest and stoutest, 
measuring about 0*4 by 0*009 mm.; the two oral rays, which are slightly 
unequal in length, run straight forward parallel to one another ; the longer 
of the two measures about 0*21 by 0*006 mm. 

(6) Large stout oxea (PL 26. fig. 8a) ; fusiform, slightly curved, some- 
times a little irregular in shape and diameter, tapering gradually to a sharp 
point at each end ; full-grown spicules measure up to 2*0 by 0*09 mm. 

(7) Slender oxea of the dermal brushes (PL 26, fig. 8 b) ; straight or very 
slightly carved, gradually sharp-pointed, sometimes slightly hastate, 
measuring up to 1*6 by 0*007 mm., but often less. 

This species closely resembles Lelajna australis Carter, as described and 
figured by Dendy [1893 B], but differs in the absence of inicroxea (“ mortar 
spicules ”) and in the presence of a definite layer of large, longitudinally 
placed oxea in the deeper part of the dermal cortex. Tn ihe latter respect it 
occupies an intermediate position between Lelapia australis and Lelapia 
nippanica^ a remarkable Japanese species described by ilara [1894]. We 
have been unable to obtain access to ihe description of this species, but, 
thanks to the kindness of Dr. Hdaawa, have been able to examine a number 
of transverse sections *. Jt is obvious that Lelapia mpponiea is a much more 
primitive species than L. australu^ The bundles of tuning-fork ” spicules 
are arranged almost strictly radially, with tbp unpaired rays oentrifugally 
directed, and clearly represent the articular tubar skeleton, though the canal 

, ^ * Since this paper was read, Dr. Hdsawa [1928] has published an llluatrated dMofiptiou 
of tibe Japanese species and proposed fiur it Ihe new geim Bu'uls/qpiie 
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systeiu is already of the leuconoid type. The large oxea are confined to the 
dermal cortex, where they form a well-defined layer, and have not yet invaded 
the chamber layer as in L. australis and, to a less extent, in L. aiUiqua. 
There are other minor differences distinguishing L. itipponica from either of 
the Australian species, but the material in our possession is not sufficient to 
elucidate all these. 

It is clear that Lelapia antiqua is intermediate in structure between the 
more primitive L. nipponica and the less primitive L, australis^ and it is 
interesting to note that it also occupies an intermediate position geographi- 
cally, L, australis having been found so far only off the Victorian coast. 

Register No. Locality. VII. 1^, Sandy Isle. 

11. Dercitopsis minor Dendy [1916 B]. 

There is one specimen in the collection. The sponge, which measures 
42 mm. in length, 25 mm. in breadth, and has an average thickness of 7 mm., 
forms an irregular, oval, cushion-like mass, concave below, and probably grew 
on the back of a crab. The margins are broadly rounded. The surface is 
smooth and minutely punctate. The vents are small and few in number, 
scattered singly over the upper surface. Inhalant pores arc closely scattered 
over the surface. Colour of surface in spirit varying from light brown to 
dark slate-grey, internally dull yellow ; texture firm and (*Dmpact. 

The skeleton consists of a dense feltwork of loose spicules {irregularly 
arranged except ut the surface, where there is a dermal layer of perpendicu- 
larly arranged oxea. The spiculation agrees closely with that of the type. 

The ectosome and choanosoiue are not sharply differentiated, but the 
former contains many more spicules. There is no fibrous tissue in the ecto- 
some. The mesogloea of the choanosome is finely and uniformly granular. 
The dermal pores lead into short inhalant canals, which penetrate the ecto- 
some and lead into large crypts from which the inhalant canuls of the 
choanosome originate. The canal system is diplodal, not euijpylous as 
described for Derdtopsis ceylonica Bendy. The flagellate chambers are large 
and ponch-like, with h short wide uphodus and a short narrow prosodus ; 
they measure about 0*04 min. in longer diameter. The exhalant and inhalant 
canaliculi of the chambers are lined by flattened epithelium, the nuclei of 
which can be seen. The collared cells are apicinucleate. Small round 
testes are scattered in the deeper parts of the choanosome, in which 
spermatogenesis is clearly shown. Tailed spermatozoa are present. There 
is no trace of ova, so the species is probably dioecious. 

Premouily known Distribution* Indian Ocean (^lte}idy). 

Register No* and Locality. II. 1, Wooded Isle. 

12. Dsboitopbis MAIKMILLABIS {LmdenfeU) . 

JPhddnmtrdia mantm^hris Lendenfeld [1906]. 

JDsredqpsis mammiiiaris Dendy [1916 B ]. 

The single specimen is of depressed cushion-like form, and has apparently 
been attached by n broad base to the vertical side of a rock, for two large 
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oval vonts, 3*5 mm. in diameter, with slightly prominent margins, occur on 
one edge. Microscopic inhalant pores are thickly scattered over the smooth 
surface. ("Jolour in spirit light greyish brown ; texture firm and compact. 

The skeleton consists of a thick feltwork of loose, irregularly arranged 
spicules. There is a dense layer of oxea at the surface, largely but not 
entirely radially arranged. 

Spicules ; — (1) Tetrocts ; with smooth, sharp^pointed rays measuring from 
0*093 to 0*2 mm. in length and from 0*018 to 0*04 mm. in thickness. 

(2) Diacts (oxea) ; smooth, fusiform, slender, slightly curved, gradually 
sharp-pointed, sometimes with a kink or an enlargement near the middle, 
measuring from 0*06 to 0*14 mm. in length and from 0*004 to 0*005 mm. in 
thickness. The oxea are more numerous than the tetracts. Triucts aro absent. 

The dermal pores lead into short, narrow, inhalant canals piercing the 
densely spiculated ectosome, beneath which they unite to form suii-cortical 
crypts from which the inhalant canals of the choanosome originate. The 
canal system is diplodal. the aphodi and prosodi being longer and narrower 
than in Derciiopsis minw Dendy. The flagellate chambers are sub-s]>hcrical, 
measuring about 0*04 mm. in diameter. The narrow oxhalant canals gradually 
pass into wider ones, which in turn open into the wide oscular lubes. The 
main inhalant canals are surrounded by collenchyinatous me.soghea devoid of 
spicules ; the main exhalaut canals are probably like the inhalant, but as no 
sections have been taken through a vent this cannot be proved. The meso- 
glma between the chambers is finely granular. 

Testes are irregularly scattered in the choanosome ; they arc rounded sacs 
lined by an epithelium and containing various stages in the development of 
spermatozoa. {Segmenting embryos are also present ; the sponge is therefoie 
hermaphrodite and presumably protogynoiis. 

Premously known Distrihutim. West coast of Australia {Lendenfeld). 

Register A'o. and Locality, II. 13, Wooded Isle. 

13. Stblletta brevis llenfscUel [1909]. 

The single specimen, a cushion-like mass which has j)robai)ly been torn off 
a rock, measures 88 mm. in length, 25 mm. in breadth, and 15 mm. in 
thickness. Surface smooth but finely granular. Osculu not visible. The 
surface colouring in spirit varies from a very light brown to a violet-grey, 
that of the interior is light brown. 

The B^Mge posse&ses a well-developed cortex. Immediately Iwneath the 
enrfaoe is a thin layer of strongylasters, then comes a non-fibrous portion 
filled with minnte brown pigment granules and containing inhalant chones ; 
below this w a light-ooloured, non-pigmented, fibrous layer. Between the 
cortex and the choanosome are large sulMJortical crypts. The choanosome, 
in which oxyasters are thickly scattered, contains narrow inhalant 
oaoals. 



SPONGES FROM THE ABROLHOS ISLANDS. 


491 


The skeleton, which agrees closely with that of Hcntschers South-West 
Australian specimen, consists of radially arranged bundles of plagiotrisenes 
and oxea ; in the deeper parts there is less regularity. The spicules resemble 
closely those of the type in size and appearance. 

Previously known Distribution. Sharks Bay, S.W. Australia {llentschel). 

Reyister No. and Locality. VI. 8, Sandy Isle. 

14. Stelletta dbbilis Thiele. 

Stelletta debilis 'fhiele [1900]. 

StdUita defnlis Lendenfeld [1903]. 

The single complete specimen is sub-spherical in shape, measuring 15 mm. 
ill diameter, There is a single oval osculuin, 2 mm. long and 1 mm. broad, 
near the point of attachment of the sponge to a piece of rock. Inhalant 
pores are thickly scattered all over the slightly rougiiened surface between 
the cladi of the triacnes. Colour in spirit light brown ; texture firm and 
compact, but compressible. 

There is a slightly fibrous cortex, and the skeleton is radially arranged and 
quite typical. 

Spicules : — (1) Orthotriasiies ; shaft straight or nearly straight, tapering 
gradually to a sharp [loiiit, measuring 1*35 by 0‘02(S mm. ; clacii sharply 
pointed, recurving at once so as to extend at right angles to the shaft, 
measuring 0'16 mm. in length. 

(2) Anatriaenes ; these frequently project beyond the surface of the 
sponge ; shaft long, slender, slightly curved, measuring 1*3 by 0*015 mm. ; 
cladi well developed and markedly recurved, measuring 0*052 mm. in length. 

Oxea ; fusiform, usually curved, sharp-pointed, measuring 1*1 by 
0*02 mm.; these are most abundant in the deeper parts of the sponge. 

(4) Oxyasters ; with 6 to 10 slender, sharp-pointed rays and no distinct 
centrum; diameter 0*017 mm.; these are scattered sparsely throughout 
choanosomo and ectosome. 

Previously known Distribution. Ternate ( Thiele). 

Register No. and Locality. II. 16^ Wooded Isle. 

15. Stelletta sioiiATRiiENA Lendenfeld [1906]. 

There are two small, complete specimens, sub-spherical in shape, 12 and 
8 turn, in diameter respectively. Inhalant pores, visible with a lens, are 
scattered evenly over the smooth surface. Each specimen has one minute 
oval osculum lying in a slight depression. Colour in spirit buff. 

The skeleton consists of radially arranged oxea and trisenes, not concen- 
trated into bundles. Just beneath the surface the cladi of the trisenes form 
a sharply-defined layer ; their shafts pierce the region of the chones, which 
is cladome-free. In the choanosome are radially placed anatrisenes, 
orthofcrisenes in various stages of developmenti and less regularly arranged 
oxea. 
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Spicules : — (1) OrthotriseDes ; shaft straight, gradually ])oiDtod^ measur- 
ing about I'l by 0*015 mm. ; the cladi, vvhich are about 0*3 mm. long, at 
first form vrith the shaft an angle of about 120^, but somewhere along their 
length they abruptly turn back so that their distal ends are at right angles to 
the shaft. 

(2) Anatriienes ; shaft straight, gradually tapering to a sharp point, 
measuring about 1*1 by 0*03 mm.; the sharply-pointed cladi, which are 
about 0*15 mm. long, curve outwards almost at right angles to the shaft and 
then run back parallel to it. 

Our specimen contains only a few of the irregular orihotritencs and of the 
sigma-like anatriasnes figured by Lendenfcld in his ‘ Valdivia ’ report. 

(3) Oxoa ; straight or slightly curbed, bluntly }>oiutcd, meaburiug about 
1*1 by 0*015 mm. 

(4j Oxyasters ; of two kinds — (a) large, with 2 to G fairly stout, roughened, 
bluntly pointed rays, total diameter about 0*02 niui. ; these are most abun- 
dant just benentb the inhalant chones: (A) small, with G to 10 thin, verj 
minutely roughened rays; total diameter 0*014 min. These are seatfcred 
through the choaiiosome, but not abundantly. 

Preriously known IHstribution, Dirk Hartog, W. Australia (LoitdenJeUi). 

tteyister Nos. and Localities. IV. 8, AVooded Isle ; VI. Ibr, Sandy Isle. 

16. Ancobxna AUsTBALiENsis (t'arter). (PI. 25. fig. 1 1.) 

JStelietta auttreU^etms Carter [1883]. 

Ecwnema austjviignsf* iSollas | IhHb |. 

Aneo9 ina attstraliensM Leudeiifeld [190.3], 

There are four specitiiens dn the collection. The largest (H.N. VI. Gr/; 
PI. 25. fig. 11) foiins an iiicoinplcte cone, 40 mm. in height, with a base 
measuring 60 by 70 mm. ; tlie apex is truncated, and over the flattened urea 
thus formed, which measures 40 by 25 mm., are scattered iiuiiicrous open 
vents wbiefa \aiy in diameter from 0*25 to 1 mm. Part of the side of the 
cone is encrusted by Spongelia dakini n. sp. The second specimen (IkN. 1. 3) 
is irregularly massive and measures 80 by GO by 50 nun. ; its upper surface 
is almost entirely covered by an encrusting Jiemem and a mass of othci 
ddbris. The third specimen (U.N. II. 6) measures 40 b} 45 by 25 mm., and 
is largely overgrown by a mass of other organisms. The fourth (li.N. 111. G) 
an irregular, cake-shaped mass, measures 85 by 50 by 40 nun . ; its upper 
surface is uneven and slightly wrinkled. 

Ko vents are visible except in the figured specimen; inhalant pores, 
visible with a pocket lens, are scattered in groups of two or three over the 
smooth upper surface of all the specimens ; they are most marked in the 
figured specimen. Colour in spirit purplish brown on outside, light yellowish 
brown inside ; texture firm and compact. 

The skeleton consists of radially arranged trimnes and oxea, with a btyer 
of small ectosomal oxea vertical to the surface. The inicrorbabds are 
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thickly scattered through the ectosome and choanosome, as well as forming 
a well-developeil dermal layer. Large brown pigment granules are 
scattered throughout all four specimens. 

The form and size of the spicules agree closely with Sollas’s description 
of Carter’s specimen. 

Preinmisb/ known Distribution, Fremantle, West Australia {Carter), 

Register Nos, and Localities, Sandy Isle; I. 3, Turtle Bay; 

II. 6, III. G, Wooded Isle. 

17. Ancorina brevidens n. sp. (PI. 26. fig. 9.) 

The single specimen, which is about GO mm. long, 40 mm. wide, and 
20 mm. thick, is massive and potato-shaped ; at one end is a group of 
about twenty small, close-set oscula, which average about 1 mui. in diameter. 
The surface is smooth, a large portion of it being covered with foreign matter 
of varying kind. Colour in spirit purplish grey ; texture hard, compact, 
slightly compressible. 

The octosome forms a cortex about 0*5 mm. thick, with numerous 
cortical crypts in its deeper portion ; the cortex appears to be only slightly 
fibrous, hut contains numerous brown granular pigment cells, which occur also 
in the outer portion of the choanosome. 

The main skeleton consists of close-packed, radial bundles of oxea and 
trirenes ; the cladi of the tria3ucs occur at various levels in and just below 
the cortex, but chiefly just l>eneath the surface. The outer part of the cortex 
contains niimeroyns comparatively small, slender, radially arranged oxea. 
There is a dense dermal layer of microrhabds, and both microrhabds and 
tylasters are abundantly scattered through ectosome and choanosome. 

Spicules ; — (1) Orthotriflenes (PI. 26. fig. 9 a) ; shaft long, straight or 
slightly curved, tapering gradually to a fine point (sometimes blunted), 
measuring about 2*2 by 0*05 mm. ; cladi gradually but bluntly pointed, 
measuring about 0*16 by 0’04 mm. 

(2) Anatrimnes (PI. 26, fig. 9 b) ; shaft very long, slender, tapering very' 
gradually to a finely pointed or lilunted extremity, measuring about 3'0 by 
0'02 mm. ; cladi very much reduced in length, bluntly pointed, measuring 
about 0*026 by 0*017 mm. 

(3) Oxea of two sizes ; the larger (PI. 26. fig. 9 c) fusiform, curved, 
gradually and sharply pointed, measuring about 2*3 by 0*04 mm. ; the 
smaller (PL 26. fig. 9 c') found only iu the cortex, straight, sharp-pointed, 
measuring about 0*34 by 0*009 mm. 

(4) Microrhabds (PL 26. fig. 9 d) ; roughened, slightly swollen in centre, 
measuring about 0*011 by 0*003 mm.. 

(5) Tylasters (PL 26. fig. 9 e ) ; some have 6 to 8 slender rays with very 
small heads and no centrum ; others, which are slightly smaller, have more 
rays and a small centrum ; the average diameter of the entire spicule is 
0*013 mm. 
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This species is evidently very closely related to Stelleita truncata Kiescbnick 
[1898] =-4ncoma amboinensis Lendenfold [1903], from Amboina, in the 
Malay Archipelago, differing in the great abbreviation of the cladi of the 
trisenes, especially of the anatrisenes. 

Register No. and Loeality. Yl. 16 Long Island. 

18. Aurora rowi Dendy [1916 B]. 

There are three lobose pieces which have probably been attached to rock ; 
the largest measures 40 mm. in length, 20 mm. in breadth and 15 mm. in 
thickness ; it has a bit of branching coral growing through it. The surface is 
sub-glabrous and crumpled, with irregular grooves of varying depth running 
across it. The oscula, which are few in number and single, lie at the apices 
of small rounded prominences ; they vary in size, the largest being 2 mm. in 
diameter. Inhalant pores are scattered singly over the surface, dolour in 
spirit chocolate-brown ; texture coih^ressible but fairly compact. 

The skeleton arrangement and spiculation agree with those of the type 
specimen, the only difference being tiiie occasional occurrence of irregular 
branching of the cladi of the orthotrisenes ; this is not sufficient, however, 
to justify a specific distinction. 

Previously known Distribution. Seychelles (Dendy). 

Register No. and Locality. II. 8, Wooded Isle. 

19. Asteropus simplex [Carter]. 

(For literature aud synonymy vide Dendy [ 19J 6 B] . ) 

The single specimea is an, irregular, cake-shaped mass, about 80 mm. in 
maximum diameter. The upper surface is uneven, somewhat ridged and 
depress^ at intervals ; a number of open vents, 1 mm. in diameter, are 
scattered over it. Colour in spirit purplish brown ; texture firm, compact, 
coarse. 

The skeleton arrangement and spiculation agree with those of the ^ Sealark " 
specimen, and need not be described. 

Previously known Distribution. Fremantle and Port Phillip Heads, 
Australia ; Hayti {Carter) ; S.W. Australia (Henlschel) ; Indian Ocean 
(Dendy) . 

Register No. and Locality. VI. 5, Sandy Isle. 

20. Erylus proximus Dendy [1916 B]. 

The single specimen, an irregular lobate mass, is 28 mm. in length, 22 mm. 
in breadth and 15 mm. in thickness. The surface is uneven and punctate, in 
parts covered with calcareous ddbris. iScattered singly over an irregular 
area, near the end where the sponge was prolAbly attached, are many minute, 
widely open, dermal pores, while over the major portion of the rest of the 
sponge are numerous white specks, giving the surface its punctate appearance; 
tl^e are probably closed inhalant porea. On a prominent part of 4;lie upper 
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surface is a single, round, open vent, 1*5 mm. in diameter. (Colour in spirit 
light greyish brown ; texture hard and compact. 

The arrangement, form and size of the spicules are similar to those of the 
type specimen. 

Prexnously known Distrilmtian. Cargados, Indian Ocean (Dmdy). 

Register No. and Locality. VI. 12 a, Sandy Isle. 

21. Donatia robdsta {Bowerhank). 

Tetkea rolmsta Bowerbauk [1878]. 

Tethya glohosUUata Lendenfeld [1897]. 

Tcthya cliftoni llidley [1884]. 

Tethya inyalH Kirkpatrick [icOO]. 

Donatia arahiea Topaent [1006]. 

J}(mat%ajapomea var. albanensia Uentacbel [19091. 

Tethya lyncurium How [1011]. 

Doxiatia ingalli Dendy [1916 fi]. 

Donatia globoetellata Topsent [1918J. 

(See M. Burton [1923] MS.) 

There are three specimens in the collection, greyish white in colour, 
ranging from 20 to 26 mm. in diameter. The surface of each is only slightly 
tessellated. 

The skeleton consists of radially arranged bundles of typical strongyloxea 
which spread out beneath the surface in brushes; loose, radially arranged 
megasclores He between the bundles. 

Spirvles : — (1) Strongyloxea ; measuring about 1*G2 by 0*028 mm. 

(2) Spherasters; these form a dense corticsil layer; they have a large 
centrum and short conical rays ; diameter about O'l mm. 

(3) Small asters ; with short rays which may either bear a crown of 
short spines or be beset with numerous small spines ; the total diameter is from 
0*012 to 0*016 mm. These are found in the cortex and the choanosome. 

(4) Small asters ; with long rays which may either end in a sharp point 
or be spined terminally. These are confined to the choanosome ; but there 
are many intermediate forms scattered through the sponge. 

This species is undoubtedly very closely related to Donatia lyncurium 
(Linnmus), from which it differs in the large size of the spherasters and the 
greater differentiation of the small asters. 

Previously known Distrihutimu Red Sea (Row^ lopsent) ; Indian Ocean 
{Dendy^ Lendenfeld, Ridley, Kirkpatrick) ; Australia {Ilentsckel). 

Register Nos. and Localities. II. 11, Wooded Isle ; VI. 7, VI. 19, Sandy 
Isle. 

22. PONATIA MULTISTBLLA {Lendenfeld). 

Tethya mdttisUUa Lendenfeld [1888]. 

Tethya multisteila HaHmaii [1914]. 

This species is represented by one small, sub-spherical specimen, greyish 
white ill colour, 12 mm. in diameter ; and a fragment of another, pale brown 
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in colour and apparently about 30 mm. in diameter. The surface of the 
former is only slightly tessellated, while that of the latter, as far as can be 
judged, is fairly smooth but uneven. The cortex of both is lacunar and not 
densely charged with spicules. 

The skeleton consists of radially arranged bundles of strongyloxoa, which 
penetrate the cortex and spread out in blushes beneath the surface ; loose 
radially arranged niegascleres are «*cattered between the bundles. 

Spicules : — (1) Strongyloxea of the usual type, measuring about 1*26 by 
0*016 mm. 

(2) Spherasters ; about 0*06 mm. in diameter, with conical, sharp-pointed 
rays, nearly as long as the diameter of the centrum. 

(3) Small asters of cortex and choaiiosome ; these range from tylusters, with 
the ends of the rays beset with .small spines, to 0 x 3 asters. The diauietei of the 
small aster \aries from 0*01 to 0*012 mm. 

This species is undoubtedl} clo'jely lelated to Jhmaiia Tolntsia (Bowerbank), 
but differs from it in the t>ue of the sphera«^ters and in small differences 
in the small asters. 

Previously known Jhsfrihtffion. Port Jackson, N.S.W {Lendenfelth Hall* 
mann) ; Port Phillip Heads (IlenUihcJ). 

Jteyuter Sos. and Locahty. VI 17 a, VII. 1 /*, Rand}* Isle. 

23. Chondrilla ArsTRATjENSis Cartel. 

(Foi literature and 83 ii()ii\my vidf l)end> fl910Bi ) 

There are two small specimens in the collection ; one is buff-coloured in 
spirit, the othei liver-brown. The external foim and spicmlation agree closely 
with those of the t} pe. 

Previously known Dutrxhution. Poit Jackson, E. (Joast of Australia 
{Carter^ Lendenfeld ) ; Sharks Ba}% R.W. Australia (UenUchel) ; coast of 
(^ochin China {lAndgren) ; Okhaiimndal, Ce>lon, Indian Ocean (hendy). 

Register Nos. and Localities. VII. 4o, Turtle Bay ; VIII. 1 , Sandy Isle. 

24. Hrnibra Agi adi cius t). Srhnidt. (PI. 25. fig. 12 .) 

Jiemcra a^a ductus Schmidt [1862]. 

Jienieia aqwedw.tus Kolliker [1864]. 
llentera aqumductus Ozermaysky [1878] 

Eentera ofyueduchis Swartschewsky [1905] 

Hetaera aquodwtus Ostroumov [1^8] 

Benura aqwedutUis Babi«9 [1921, 1922J. 

The single specimen (PI. 26. fig. 12), which measures 55 mm. in height, 
is erect, tubular and thin-walled ; at the upper end it divides into two short 
tubes, each of which terminates in a largo round oscnlum 3 mm. in diameter. 
Inhalant apertures, visible with a pocket lens, are scattered over the smooth 
surface. Colour in spirit greyish brown ; texture delicate, spongy, fragile. 
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The skeleton consists of a somewhat rectangular, unispicular reticulation ; 
towards the outer surface the spicules become concentrated into plurispicular 
fibres running vertically to the surface. 

Spieufes ; — Oxea ; smalh smooth, straight or slightly curved, sharply 
pointed, measuring about 0'23 by 0’008 mm. 

Previously known J Hslribution* Adriatic {SrJimidtj liabir) ; Black Sea 
( Czerniavsky^ Swartschewsky). 

Register No. and Locality. VII. 3, Abrolhoa Islands. 

25. Rbnieua CRiBRicuTis Dendy [1921 B]. 

There are two specimens in the collection, one (R.N. VII. 1 //), the colour 
of which is almost w’hite in sjjirit, agrees very closely in all respt^cts with the 
type-specimen, except that it is smaller, measuring 25 mm. in length and 
10 mm. in diameter, and has only a single vent, 5 mm. in diameter. 

The second specimen (R.N. VIII. 2) consists of two fragments, lobate in 
appearance, each possessing onti large, round osculnm, about 4 mm. in dia- 
meter, with a slightly raised margin, opening out of a wide oscular tube. 
This s])6cimen, which is light brownish yellow in colour, does not conform 
so closely to the type, the subdermal cavities being smaller and the primary 
lines of the skeleton less difiorentiated. We feel justified, how^ever, in 
making Ihe identification. 

TIh^ spicules of the Ahrolhos specimens are of much the same size as those 
of the type, measuring about 0*14 by 0*006 mm. 

Previously known Distrilnition. Amirafite. Indian Ocean {Dendy). 

Register No. and LocaHty. VJT. Ig, VIII. 2, Sandy Isle. 

26. Reniera rERMOLi.is {Rowerhank). 

laodicfya permoliis Bowerbank [1866, 1874, 1882], 

Reniera ^ienmlUs Topuent [1888], 

Reniera permollis Dendy [191(5 A], 

We identify with this species seven specimens of an encrusting’ nature 
which vary considerably in size and general appearance. The surface is 
slightly hispid, and the large subdermal cavities can be seen through the thin 
dermal membrane, which is almost aspicnlous. The oscula ure small, single 
and scattered, measuring up to about 3 mm. in diameter. The colour in 
spirit varies from light yellowish brown to nnt-brown ; t(‘Xture in most cases 
very soft and friable, that of R.N. VI. 17 d and lt.N. VI. 17 e firm and 
compact. 

The skeleton arrangement and spicnlation agree closely with those of 
sperimens from Okhamandal, but the tendency to form primary lines is not 
so strongly marked. 

Previotttly known JDutribution, European seas {Bowerbank, Tapeent)', 
Okhamandal, Indian Ocean {Dendy). 
xxm. JOOBK.— goonoor, vot. xsxv. 
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Register Nos., Localities^ etc. VI. 17 VI. 17 Sandy Isle ; II. 7 ft, 
III. 11, IV. 6, IV. 7, IV. 10, Wooded Isle. 

Benisra spp. 

There are also in the collection a number of more or less fragmentary 
specimens representing other species of this difficult genus. 

Register Sos.^ Localities^ etc. I. 3, VII. 4th, Turtle Bay ; VI. 14, VI. 15 6, 
Sandy Isle. 

27. Pethosia dura {Nardo) Vosmaer [1887]. 

JReniera dura Nardo. 

Benim'a P dura Nardo, Schmidt [1862]. 

Schmidiia dura BaUamo Ciivclli [1868]. 

Schmidtia dwa »Sclimidt [1808]. 

Pstrosia dura Topsont [1897], 

Petrosia dura Ferrar [1914]. 

Petrol dura Babic [1921, 1922]. 

The single specimen in the collection consists of a somewhat irregularly 
shaped, digitiform fragment, 40 mm. long and 10 mm. thick, which had 
probably been growing erect and has evidently been cut off transversely from 
a larger sponge. The surface is smooth, and the dermal membrane, which 
is thin but distinct, is pierced by inhalant pores visible with a lens. There 
are two round osciila, 2 mm. in diameter. Colour in spirit light reddish 
brown ; texture hard but brittle. 

The skeleton arrangement and spiculation agree closely with those of one 
of Schmidt’s specimens in the British Museum. 

The spicules are oxen, which show a great tendency to become rounded off 
at one or both ends ; they measure about 0'35 by 0*015 mm. 

Previously known JJistrihution. Adriatic (Schmidt^ Babic) ; Mediterranean 
(Balsamo Crivelli^ Topsent) ; Clantabrico {Ferrar). 

Register No, and Locality, VI. 16a, Long Island. 

28. Halichondria phakellioides n. sp. (PI. 26. fig. 10.) 

The single specimen consists of a portion of an erect lamella, 190 mm. in 
height, 75 mm. in width, with a maximum thickness of 8 mm„ constricted 
towards the base of attachment so as to form a very short, thick stalk. The 
lamella, which has a narrow, very slightly sinuous margin, a|»{)ears similar 
on both surfaces, but one has been somewhat cracked and rubbed. 

The surface is smooth and practically even, covered everywhere by a very 
thin, transparent dermal membrane (rnbbed off in places), which contains 
nnmerons irregularly and loosely scattered tangential oxea. Tbe dermal 
membrane is dotted with numerous small, round pore-areas, the pores 
themselves apparently being closed. The oscula are very inconspicuous ; 
they may be represented by minute apertures at the apices of several small 
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promineiicos which are sparsely scattered over both surfaces of the sponge. 
The colour in spirit is light brownish yellow : texture tough, flexible, 
resilient. 

The skeleton consists of loose tracts of spicular flbre running longitudinally 
and conbned to the middle of the lamella; at right angles to these on 
both sides still looser and less well-defined fibres run outwards Jbowards the 
surface, where they terminate in loose brushes of spicules, which help to 
support the dermal membrane. 

Numerous loose spicules lie scattered everywhere between the fibres. 
There is a fair quantity of spongin present, but so pale in colour that it is 
almost invisible in unstained preparations. 

S^nrules : — Oxea (PI. 26. fig. 10 a) ; usually slightly curved or angulated 
and tapering somewhat abruptlj" at each end to a sharp point ; measuring 
about 0*58 by 0*017 inm. when fully grown, but frequently shorter and 
especially more sltuider. These spicules occasionally become stylote, with 
one end broadly rounded off (PI. 26. fig. 30 A). 

I/aUchondria phakeUioidem seems to come very near to Halvihondria vela- 
mentom (Hansen) Lundheck [1902], a remarkable fact considering that 
the former is a shallow- water, siili-tropical form, wdule the latter is found in 
deep water in the Arctic regions. 

Jteffiater So. and Locality. VI. 1, Sandy Isle. 

29. Chalina palm at a {Lamarck). 

Spmf/ia palmata Lamarck [1913]. 

Chakna pahnnta Kidley A: Dendy fl887'|. 

Cifuiochaiina euplaa' Lendenfuld [1887]. 

Chalim palmata Wbitelegge [1901]. 

P Ceraachalhm retiannata Dcudy [1 90o]. 

There are three small, incomplete specimens in tlie collection. The sponge 
is of erect habit, and consists of irregular, digitate processes arising from a 
narrow base and sometimes branching. The surface is fairly even, slightly 
hispid, and has a distinctly reticulate appearance. The thin, transparent 
dermal membrane is pierced by numerous round inhalant pores, whieii vary 
considerably in size. The small, round oscula measure up to 2 mm. in dia- 
meter, and are for the most part arranged unisorial ly on the margins. Colour 
in spirit light brown : texture spongy, tough and fibrous. 

The skeleton arrangement agrees closely with that of Chalina palmata 
Ridley and Dendy [1887], except that the dermal reticulation of spicular 
fibre has a somewhat smaller mesh. 

SptGuUsx — Oxea ; short, slightly curved, gradually sharp-pointed, measuring 
about 0*07 by 0*004 mm., but often more slender. 

After re-examining the type slides of Ceraochalina retia^^mata Dendy 
[1905], we think tliis species may also be identical with Chalina palmata 
(Lamarck). 
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Previautly Jmoven fJittrilmtion, Indian and Enropean Seas (LaniareK)} 
Torres Strait {Challenger) ; New South Wales {Ijendet^eld, Wldtelegge). 

Itegister aiid LoraUtg. 11. S, II. 14, II. 17, Wooded Isle. 

Ohalina sp. 

The single specimen, which measures 40 mni. in height and has an average 
diameter of lO mm., is erect, shortly digitiform, slightly compressed, with a 
single round osculnm, 3 mm. in diameter, at the apex, to which two long 
oscnlar tubes converge. Surface smooth, minutely pnnctat(> ; inhalant pores 
close-set, about 0*04 nun. in diameter. Texture tirin, compact, resilient. The 
specimen is almost black on the outside and brown inside, owing to the 
presence of numerous pigment granules. 

The skeleton is very regular; a trans\erse section shows nnnierons parallel 
primary fibres, about O’OtS mm. in diameter, containing a core of well-developed 
spicules, usually arranged multiseiially and surrounded by a thick coating of 
spongin. The priinaiy fibres are connected crosswise at \«>ry frequent 
intervals by secondary fibres of less than one spicule's length and usually 
with only a single spicule in the axis. A tew loose 8|)iculns are B(‘-ittered 
between the fibres. Tlie spicules at the ends of the primary fibres pierce 
the dermal membrane, which is also supported b} a close-meshed network of 
unispicular fibre. 

i4f/>fct</cs -Oxea ; fusiform, slightly cuivcd, gradually sharp-pointed, 
mon.saring about ()’]4 by 0*007 mm. 

Register Mo. and Locality. HI. 1, Wooded Isle. 

J’achyohaliva sp. f 

There is a small, delicate fragment, light brown in colour, which evidently 
belongs to this genus. 

Register Mo. aud Locality. II. 10, Wooded Isle. 

30. (lEaAOCB ALINA MULTIFORMIS Ijcndenfeld var. MANAAKKNSIS Deiidy. 

(For li tent tore and s^nonjuiy vide Dcudy [I!I05].) 

We identify with this variety four pieces which have apparently formed 
part of an erect, fiattxnied, lamellar si>ecimen, with an irregularly undulating 
and proliferating surface. The largest piew is 83 mm. high and 55 mm. 
wide, and the thickness of the lamella is about G mm. The surface is 
glabrou", and the thin dermal membrane is pierced by numerous inhalant 
pores. The oscula, which measure about 2 mm. in diameter, are fairly 
nnmereus and scattered, but confined almost entirely to one surface of the 
lamella, while some are marginal in arrangement. The colour in spirit is 
dirty greyish violet ; texture firm, rather tough and resilient. 

The skeleton arrangement and spiculation agree very closely with those of 
ihe type of the variety, so no description is necessary. 
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Previously knoum JJistrilmtion (of variety). Gulf of Manaar and Ceylon 
(Dendy). 

Register No. and Locality. I. 2, Turtle Bay. 

31. Phlceodictyon abrolhosbnsis n. sp. (PI. 26. fig. 11.) 

The single specimen^ which is about 45 mm. long, 35 mm. wide and 
12 tiiin. thick, is somewhat flattened, cake-shaped, and has probably been 
attached to a rock by its slightly concave under surface. The smooth, 
convex upper surface gives off numerous very thin-walled fistulae of varying 
sizes, the largest being about 15 mm. in length. The diameter of the 
fistulas is from 3 to 5 mm. ; some of the smaller ones end blindly ; these 
either bear inhalant pores or are young stages of the larger ones, which 
terminate each in a wide vent. The body generally is covered with a thin 
rind (dermal membrane), which easily peels off. (Colour in spirit greyish 
brown ; texture internally very soft and spongy, distinctly fibro-reticulate. 

The skeleton of the interior consists of a loose, irregular, widc-meshed 
network of nuiitispienlar fibre, averaging about 0*065 niin. in diameter. 
The fibres are compact, the spicules being surrounded by a good quantity of 
pale-coloured spongin. Numerous loose spicules, mostly arranged in small 
bundles of one spicule's length, are scattered through the soft ground 
substance, which also contains many small brown pigment granules. 
Immediately beneath the surface and parallel with it is an irregular reticu- 
lation of similar spicular fibre, which tends to separate from the underlying 
main skeleton and come away with the dermal membrane when the latter is 
peeled off. The skeleton of the dermal membrane and that of the walls of 
the fistula) consists of a very dense feltwork of single spicules lying 
tangentially in approximately a single layer. 

Spicules : — Oxea (PI. 26. fig. 11); slightly curved, sharply and fairly 
gradually pointed at each end, sometimes hastate, measuring about 0*22 by 
0*006 min. 

This species seems to approach Phlosodictyon seychellense Dendy [1921 B] 
most closely. 

Register No, and Locality. II. 9, Wooded Isle. 

Phlceodictyon sp. 

There are two small fisttilee, light brovrn in colour, which have evidently 
been broken off from the surface of a Phlcsodktyon, 

Register No. and Locality. VI. 12 c, Sandy Isle. 

32. PSBUDOESPEIUA OABTERI n. Sp. (PI. 26. fig. 12.) 

Sponge lobose, elongated (probably horizonbilly), slightly compressed, 
with corrugated surface. Vents and pores not seen. The dermal luembnine 
is distract and thick, overlying the cavernous and coarsely fibrous interior. 
Colour in spirit brown ; texture soft and compressible. 
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The main skeleton consists of a well-developed^ coarse rotioulation of 
stontj compact, multispicular fibre up to about 0*2 mm. in diameter, composed 
of closely packed megascleres with little or no spongin. The meshes of ilie 
reticulation vary much in size, miu. being an average diameter. There 
is a loose dermal reticulation of ill-<leiined spicular fibre and loose bpicules^ 
with more or less dense, radially arranged brushes ot slender tylostylos. 

Spicules: — (1) Tylostyli (PI. 26. fig. 12a); often slightly curved or 
crooked, with a well-developed oval bead separated from the fairly stout 
shaft by a slight constriction ; fairly gradually sharp-pointed at the apex ; 
size about 0*28 by 0*008 mm. 

(2) Sigmata (PI. 26. fig. 12/>) ; slender, simple and contort, with short, 
abruptly recurved, sharply-pointed ends, hength about 0*04 mm. from 
bend to bend. 

(3) Large quadridentate aniHoehela? (PI. 26. fig. 12c-c") ; very numerous, 
mostly in rosettes, but scattered singly as well. The free end is composed 
of four short, sharpl} -pointed teeth which extend more or loss at right angles 
to the shaft, which is markedly curved and fairly stout; the fixed end is 
quadrilateral in side view, with the three teeth almo.st [) 4 rallel to one another; 
the median tooth connected with the shaft hy a long, narrow falx. The total 
length of the spicule is about 0*04 mm. and the shaft is about 0*001 mm. in 
diameter. 

(4) Bmall, semi-bipociihito anhochela' (PI. 26. fig. 12 c/) ; mostly in 
rosettes ; measuring about U*(fl mm. in length ; the frie end of the nuiikedly 
curved shaft is exi>auded into a fiat, saucer- shaped fimbria ; in from view 
this appears as u narrow, slightly curved cros.H beam at the outcT end of the* 
shaft ; the fixed end i^ quadrilateral and of the chedate type. This form (»F 
microsclere is probably intermediate between an anisochela and a bipocdllute. 

(5) Small, palmate ani.^ocbe]m of the lophuii type ( PI. 26. fig. 12 c^) ; with 
only a very minute spur at the small end ; these occur scattered singly and 
are not so abundant us the ether microscleres ; length about 0*017 min. 

This sponge appears to be almost identical with Psendoesperia enigmatica 
(olim Espena parasitica Carter [1880]) except for the absence of sandy 
fibre so characteristic of Carter’s specimens. Wc have examined a micro- 
scopic preparation of Carter’s type-specimen (?) in the British Museum 
colloctioD, and find that the small, seini-hipocillate arilsochelsc are certainly 
present, though not mentioned in his description. 

Register and Locality. 11. 15, Wooded Isle. 

33. PSEUDOESPKRTA TUICHOPHORA O. Sp. 

The single specimen consists of a small, light-brown fragment encrusting 
a Jiircinia sp. f 

The main skeleton consists of u reticulation of stout, iil-defined spicular 
fibre with many loose megascleres scattered irregularly ; radially arranged 
brushes of t^]ost}leb lie vertically to the surface. 
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The spiculation agrees closely iirith that of Pseudoeipena carteri, except 
that tlie sigmata are entirely replaced by trichodraginata. 

Spicules : — (1) Tylostyli ; size about 0*34 by 0 006 min. 

(2) Large, quadridentate auisochelsB ; about 0*056 mm. in length. 

(3) Small, semi-bipocillato anisoohelse^ about 0*01 mm. in length. 

(4) Small, palmate anisochelsB, about 0*012 mm. in length. 

(5) Trichodraginata ; short, compact bundles, measuring about 0*026 by 
0*006 mm. 

It is an interesting fact that this species difiers from Pseudoesperia 
carteri only in the replacement of the sigmata of the former by trichodrag- 
mata. These spicules are so widely and sosporadically distributed throughout 
the tetraxonid sponges that it is extremely diiBcultXo estimate their taxonomic 
value. 

The peculiar form of the quadridentate anisochelip and the occurrence of 
what we have called the “ seini-bipocillates ” seem to justifj- the retention of 
Carter's genus Pseudoesperia, 

Register No, arul Locality, II. 12 a. Wooded Isle. 

34. Esperella pldmosa {Carter), 

(For literatin*e and syuonytiiy vide Dt-udy [1916 A].) 

The material consists of a small, whitish-yellow fragment encrusting Hippo- 
spongia intestinalis (Lamarck). No further description is necessary. 

Previously known Distribution, Mauritius and Mergui Archipelago {Carter ) ; 
Ceylon, Okhaniandal {Dendy), 

Register No, and Locality. VI. 13 />, Sandy Isle. 

35. Bikmna tubxtlata Dendy, 

DesmaceUa tidtulata Dendy [11K)5, 1916 A j. 

IHemiia microxa Hentschei [1911]. 

Tox&nna tuhulata Ilallmanu [1917]. 

Biemna tubulata Dendy [1921 B], 

The material consists of a couple of fragments of thin-walled tubes, the 
outer surface of which appears slightly granular, while the inner bears 
numerous minute openings of exhalant canals, ('olour in spirit brownish 
yellow ; texture very soft and fragile. 

The skeleton arrangement and spiculation agree very closely with those of 
previously described specimens. 

We consider Biemna microxa Hentschei [1911] to be identical with this 
species. 

Previously known Distribution, Gulf of Manaar, Okhamandul, Indian 
Ocean {Dendy) ; S.W. Australia (Hentscliel), 

Register No, and Locality, VIII. 3, Sandy Isle. 
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36. Eohinopiottum bilamellatum {iMtnarrk) Ridley. 

Spongia bUamtUata Lamarck [ISJS]. 

Echinodictyum bilafMUatuml\id\ey [1881]. 

EcMmnefna vatipUeataOex^t [1882 B]. 

KalykenJberon eUgan$ Leudenfeld [1888]. 

Kalykenterm rilex Lendenfeld 1 1888]. 

Thalanodendi'on typica Whitelegge [1001]. 

Echinodietytm bilamellatum lleutbchel [1911]. 

Eehinodietyum elegant Hallman [101 2]* 

There is in the collection one beautiful, cup-shii])ed specimen, 110 mm. in 
height, with a short stalk and very slightly folded walls. The colour in 
spirit of the inner surface is almost black, that of the outside grey merging 
to violet. 

The skeleton arrangement and spiculation agree very closely with those of 
the specimens described by Ridley and llcntschel. 

We have also examined two dry specimens of this species from th(‘ 1)am]»ier 
Archipelago, N.W. Australia, which are in Professor Dendy't» collection at 
King's College, London. These are both cup-shaped with much folded walls. 

Previously known Dutrihntion, N.W. and W. Au<«tra!ia [liiiUey) ; Fre- 
mantle, S.W. Australia (Carter) ; S.W, Australia (llvntsrhel) ; E. and W. 
Australia {Lendenfeld) ; E. Australia [Whitvletfijef Uallmann), 

Register No. and Locality. V., Albrolhos Islands. 

37. Anchinob FiCTiTioiBEs n. sp. (PI. 25. fig. 13 ; PI. 26. fig. 13.) 

There are two specimens in the collection, each I’oriiiing an almost 
continuous, vertical, fan-shaped lamella, with an irn^gularly indented upper 
margin. The larger specimen (JI.N. VI. 4, PJ. 25. fig. 13), which ineahures 
150 mm. in greatest height, 93 mm. in greatest width, and has an average 
thickness of 7 mm., has two conspicuous oval fenestrte; the other specimen 
has only one fenestra. The width of i>oth specimens diminishes gradually 
below to a narrow base of attachment. The colour of the larger specimen 
in spirit is pale greyish yellow, that of the smaller light brown ; texture 
fibrous, tough and resilient. The surface is glabrous. 

On both surfaces numerous circular, slightly raised, pustule-like, cribriform 
pore-areas are closely but irregularly scattered. Tlic larger of these pore- 
areas measure 3 or 4 mm. in diameter ; they vary, however, in size, number, 
and conspicuousness in different parts of the same specimen. 

A tew small, marginal vents are seen in both specimens. A ramifying 
and anastomosing system of inhalant and cxhalant subdermal canals can be 
seen through the thin dermal membrane. 

In the deeper parts of the sponge the main skeleton consists of an irregular 
network of horny fibre cored to a varying extent by smooth mogascleres 
(tomotoxea) and ochiiiated by acantliostyli. bense fibres, consisting only of 
tornotoxca, ascend somewhat irregularly towards the surface, and the 
radially arranged terminal spicules of these fibres form a fringe round 



SPONOESt FAOM THE ABKOLHOS ISLANDS. 


505 


the pore-areas. The sieve-membrane of these areas is free from spicules, 
except for numerous isochelss. 

Spicules : — (1) Tornotoxea (PI. 26. fig. 13 a) ; smooth, slender, usually 
straight ; ends hastate but unequal ; size about 0*4 by 0*006 mm. 

(2) Acaiithostyli of two kinds — (a) (PI. 26. fig. 135) with short, straight 
or sometimes slightly curved shaft, which is slightly swollen at one end and 
sharply pointed at the other, covered with small, slightly recurved spines ; 
size about 0*14 by 0*013 inm.: (6) (PI. 26, fig. 13/*) with long, slightly 
curved shaft, the curve being most noticeable just above the slightly swollen 
base ; the spines are very small and only extend for about two-thirds of the 
shaft from the base, thus leaving the sharply-pointed apical end quite smooth. 
These longer acanthostyles, which measure about 0*35 by 0*01 mm., are found 
only in the larger specimen (R.N. VI. 4). 

(3) Tridentate isochelae (chelae arcuatae) (PI. 26. fig. 13 with stout^ 
slightly curved shaft and short teeth ; measuring about 0*024 mm. in length. 
Those spicules are very abundant in the dermal membrane, especially in 
the pore-areus, but occur also scattered through the choanosome. 

This species agrees very closely with the European Anchinoe fictitius 
(Bowerbank) J. (Stephens [11121] as regards its pore-areas and spiculation, 
but differs widely in its mode of growth, wliich closely resembles that of 
Yi^esia {(JrayHIa) sjnnulaia Hcntscliel [11)11], also a S.W. Australian 
and Indian Ocean species (vide Dondy [1921 A]). Indeed, Yvesia spianlata 
difiers from Anchinoe /ietifioides in little if anything more than the replace- 
ment of the acanthostyles by acanthoxea, and may probably be regarded as a 
direct derivative of the latter species. 

Register J!fos. and Locality. VI. 4, VI, 11, Sandy Isle. 

38. Dendokioella scumidti {Ridley). 

Ccelia echmidti Ridley [1884]. 

Damir ia australiensis Dendy [1896]. 

Damiria Schmidti Topseat [1897]. 

Damiria australiensis Liadgren [1897, 1898]. 

Defidorieella Schmidti lientscbel [1911, 1912 A]. 

The larger of the two specimens (U.N. IV. 9) in the collection consists of 
five erect, digitiform processes springing from a thin, common base ; the 
processes measure about 8 mm. in diameter, and four of them divide at their 
ends into a varying number of slender, secondary, digitiform processes. The 
second specimen (R.N. III. 10) consists of a portion of a single lobe, dividing 
above into four slender, digitiform processes. The general surface of the 
sponge is covered witii narrow, meandering ridges running longitudinally ; 
the dermal membrane, which is smooth and transparent, is interrupted by small 
pore-sieves, visible with a lens. A number of small oval vents, sometimes 
lying in slight depressions, are scattered singly on the processes. Colour in 
spirit light greyish brown ; texture very soft, spongy, friable. 
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The skeleton arrangement and spiculation agree with those of previouslj 
described specimens. 

Spicules : — (1) Oxea ; measuring about 0*23 by 0*01 mm. 

(2) Amphitylota ; some straight, others slightly undulating, measuring 
about 0*31 by 0*007 mm. 

(3) C-sbaped sigmata of two sizes, the larger measuring about 0*039 by 
0*0028 mm., the smaller 0*02 by 0*0014 mm. 

(4) Tridentate isochelm (chelm arcuatfe) of two sizes, the larger being 
about 0*034 mm. and the smaller about 0*022 mm. in length. 

Previously known Distribution, Port Jackson {Ridley) ; Port Phillip 
Heads {Dendy)*, Amboiria {Topsent) ; S.W. Australia {Ilentschel), 

Register Noe, and Locality, Til. 10, IV. 9, Wooded Isle. 

39. Trach'XCLados lasvispirulifbr Carter, 

Trachydadus ksvispirulifer Carter [1879, 1886-6]. 

Trachyeladus l^eviapirultfer Deudy [1897]. 

(For further poesible synonymy see Hallmaun’s species [1916].) 

The external form of the single specimen resembles closely that of Trachy^ 
cladus digitatus var. clavatns Hallmann [1916], The branches, which 
anastomose freely, are subcylindrical, and their surface appears minutely 
conulose owing to the up-pushing of the dermal membrane by the ends of 
the impinging skeleton fibres. The inhalant pores are scattered singly, closely 
and for the most part equidistantly over the entire surface, giving it a 
minutely reticulate appearance. The small oscula are scattered sparsely and 
irregularly. Colour in spirit whitish brown ; texture tough and dense. 

The skeleton arraugemefit calls for no comment. 

Spicules i — (1) Oxea; smooth, curved, of nearly uniform diameter 
throughout their length, bluntly pointed, measuring about 0*47 by 0*016 rnm. ; 
very rarely stylote. 

(2) SpinispirsB ; minutely spined, corkscrew spicules, usually of two com- 
plete turns, measuring about 0*0135 mm, in length ; very abundant. Simpler 
forms, C- and S-shaped, are found frequently. 

(3) Microstrongyla ; of two kinds — (a) slender, centrotylote, 0*019 mm. 
long ; (6) stout, rarely centrotylote, 0*016 by 0*003 mm. These microscleres 
are rare. 

We have examined preparations of this species in Mr. Garter’s own 
cabinet, and feel justified in identifying w*ith it the Abrolhoa specimen, 
although the oxea of the latter are larger and the microstrongyla less 
abundant. 

Hallmann [1916] has endeavoured to distinguish between a number of 
Australian species, some of which he describes as new. We are inclined to 
think, however, that the differences between Hallmann’s specimens are not 
sufficiently great to justify specific distinction being made, and that probably 
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all the known Australian specimens of Trachjcladus^ as well as Lendenfeld’s 
Spirophora digitata and Sj.nropliora bacterium^ should he included in T'rachg- 
cladui Icvrispirulifpr Carter. 

Premously known IHstrihatioiu South-West Australia {Carter) ; Port 
Phillip Heads, Australia {JJendg). 

P^gUter No, and Ijocality, III. 0, Woo(h?d Isle. 

40. SiGMOSCEPTKELLA FIimOSA Dendy. (PI. 25- fig. 14.) 

S^pirastreUafhroHa Dondy [1897]. 

Higmoace/ftrella Jibrom Deiidy [19121 A]. 

The single fiue specimen in the collection, which measures 70 mm. in 
height, is sessile and lobodigitate. Surface sul)-ghil)rous, almost smooth in 
parts, slightly conulose or nodular in others. The closo-set inhalant pore-areas 
give the surface a minutely reticulate appearance. They overlie large, fuiiuel- 
shaped chones in the cortex, which is slightly fibrous and measures up to 
0*4 mm. in thickness. The roof of each clione is not merely a dermal membrane, 
but is moilerately tliiok, strengthened by mieroscleres (sigmodiscorhabds), 
and pierced by individual pores which take the form of short canals. The lower 
pai*t of the chone is constricted to a relatively small opening, which leads 
into a spacious subcortical crypt : from this, inhalant canals, provided with 
diaphragms along their length, penetrate the choanosome. The canal system 
is eiirypylous, the Hagcllatc chambers spherical and measuring up to 0*05 mm. 
in diameter. The larger oxhalant canals and the wide oscular tubes are sur- 
rounded by a thick layer of geL'itiiious mesogloeu. Vents small but 
prominent, scattered singly on the upper margin of the sponge, sometimes at 
the ends of small conical projections. Each vent is much smaller than the 
diameter of the oscular tube out of which it opens, so that the latter appears 
to have a thin roof with the vent in the middle. Colour in spirit yellowish 
white; texture firm, compact, resilient. 

The skeleton arrangement agrees closely with Deiidy's original description. 
Betw'een the chones the cortex is packed with mieroscleres, intermingled in 
places with the ends of the radial bundles of mogascleres. 

Spicules ; — (1) Styli ; straight, evenly rounded or slightly enlarged at the 
base and sharply pointed at the apex, very uniform in shape and size, 
measuring about 0*34 by 0*01 mm. 

(2) Isodiscorhabds (sigmodiscorhabds) ; measuring in total length about 
0*05 mm.; the diameter of the. smooth shaft is about 0*008 mm., that of a 
w'liorl with the spines included 0*025 ram. The development and adult form 
of these spicules have been described and figured by Dendy^ in ‘'The 
Teiraxonid Sponge Spicule— A Study in Evolution” [1921 A]. 

Previmely knotm Distnhution^ Port Phillip Heads {Dendy). 

Register No, cmd LocaUty. VI. 2, Sandy Isle. 
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41. Spjrastrella vaoabukda Ridley. 

Spiraetrella vayalmnda Ridlej [18841. 

(For literature and poeeible eynonymy vide Dendj [1906] and Vosmaer [1911].) 

The larger of the two epeciuienb, which meoenres about 60 by 20 by 
25 mm . is elongated and tubular, \^ith a hollow digitiform process (which 
has been cut off) arising from one end. Two large, irregularly shaped \ents 
are present, and inhalant pori^sioves are visible over a small portion of (he 
smooth but uneven surface. The ^ccotid specimen is a small tubular fragment 
with thick walls, (^olour in spirit light brown ; texture firm and compact. 

The skeleton arrangement and spiculation agree closely with those of the 
type. 

The Abrolhos specimens come very close to Spirastrella rayabunda var. 
tubulodigitata Dendy [1905], but the tylostyles of the former are shorter 
and stouter. 

Rreviausly known Distribution. Torres Straits [Ridley) ; Indian Ocean 
{Dendy). 

Register JUos. and Locality. VI. 10^ VI. 15 a, Sandy Isle. 

42. Aaptos aaptos {Schmidt). 

Aneorina aaptos O. Sclmiidt [1864]. 

Aaptos adnatma Gray [1867], 

Ancorina aaptos 0. Schmidt [1868]. 

Trachya pernucleata Carter [18701. 

TuhereUa Mhyoides Keller [1880]. 

Tethyophama stlifiea O. Sclmiidt [1860]. 

Titberella tethyoides Vosmaer [1887]. 

Aaptos adriatica Vosmaor ['1887 J. 

Amorphina JDuehatsaingi Topsent [1689]. 

iiidtenUs spiseus Topsent [18^]. 

TvJbtrdks Duehassawyt Topsent [1894]. 

TubereSa tethyoides Topsent [1896]. 

Suberitu aapius Lendeiifeld [1896]. 

Suhentes aaptus Topsent [1898 1. 

TubereUa aaptos Topsent [1898, 1000]. 

TaJberella aaptos Wilson [1902], 

Tuberelh aaptos Hontachel [1909, 1912]. 

Titberella aaptos Dendy [1010 A]. 

Titberella aaptos Babi6 [1922J. 

The larger of the two epecimons (R.N. III. 5) is irregularly suhspberical, 
measuring 45 by 25 by 30 mm. ; at one end, in a sHgbt depression, lies a 
small group of oscula, and three or four small round oscula are scattered 
singly over the sub-glahrons upper surface. Colour in spirit dark brown 
outside, light brown inside ; texture compact but compressible. 

The other specimen (R.N. VI. 12 h) is a small, light-brown fragment 
25 mm. in length, 15 mm. in breadth, and 8 mm. in thickness, with a flat, 
sub-glabrous upper surface, in the centre of which is a single sllt-like 
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oseulum raised on a small papilla. Figment granules are present in the 
large specimen, absent in the small one. 

The skeleton arrangement and spicnlation agree closely with the descrip- 
tions given by Topsent and Wilson. 

We propose to revive here Qray^s generic name Aaptos [1867], because 
we can find no adequate reason why Keller’s genus Tuberella [1880] 
should stand in place of it, though we regard his species TuberfMa tethyoides 
as synonymous with Ancorina aaptos Schmidt. We have revised and 
brought up to date TopsenFs synonymy list, which we think can be definitely 
accepted. 

Carter [1870] described a new genus and species of sponge under the 
name Traehya jternnrleafa ; after examining his preparations we think it 
justifiable to identify this species with Aaptos aaptos (Schmidt), and it is 
therefore included in the synonymy list. 

Charter [1882 A, 1886] described two more species of Trachya^ viz. 
Trachya dnrissinui and Trachya horrUla ; these are probably identical with 
his original species, Trachya pernueleata, 

Trachya glohosa Giiviev [1885-86] and Trachya ylobosa var. rugosa Carter 
[1886] are obviously lipotrijunose Tctillids, liaving exceedingly long, 
slender oxea for megascleres and sigmata for microseleres. 

Carter [1876, 1882 A] proposed a group Folymastina in the Sub-order 
Suboritida to include his genus Trachya as well as the typical Polymastia, 
referring to Trachya pernucUata and its allies as “ GeodiaAike forms of 
Polymastia.^* 

Although Vosmaer, Topsent and Wilson have placed the genus Tuberella 
(sr in the Tethyida; (Donatiidse), we are inclined to agree more with 

(Jarter's views ; and so, because of the arrangement of the skeleton, the 
absence of any fibrous cortex and the presence ol’ pin-head spicules in some 
cAses, we now propose to transfer it to the Sigmatototraxonida. Family 
Clavulidas Sub-family Snberitinw. 

Previously kmnni Distribution^ Mediterranean {Schmidt, Lendenft'ld^ 
T'opsent) ; Gulf of Naples {Keller)-, Gulf of Mexico {Topsent) ; Porto Rico 
(Wilson); S.W. Australia {Hentsehel ) ; Aru Islands {Ilentschel ) ; Okhaman- 
dal {Dendy). 

Uegisier Nos. and Locality. III. 5, Wooded Isle ; VI. 12 i, Sandy Isle. 

43. Polymastia mammillaris (0. F. Mailer) Bowerbank. 

(For literature and syncmyiny tnde Topsent [1900].) 

There is a single small specimen, consisting of about six smooth, slender, 
thin-walled, hollow, mammiform projections, 10 to 15 mtn. in length, rising 
from a plate-like base which has either been torn off a stone or from a larger 
specimen ; the surface of the base is slightly hispid. The colour in spirit is 
dull brown owing to the development of pigment gnmules. 
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The skeleton arrangement and spicnlation agree with the descriptions 
given by Bowerbank and Topsent. 

Spicules • — (1) Small tj^^lostylos ; size about 0"17 by 0*008 inni. 

(2) Large tylostyles; size about 1*1 by 0*02 mm. ; the size of tbo head 
varies greatly. 

Previously known Distribution, Cosmopolitan. 

Register No, and Locality, VL 12 Sandy Isle. 

44. Mbgaloi>astas arbkifibbosa n. sp. (PI. 25. fig. 15.) 

There are three s])6cimens of this sponge in the colloction. The largest 
(H.N. VI. 3, PI. 25. fig. 15), which mu.st be regarded as the type of the 
species, is sessile, erect, and coiiMsts of a ])rincipn] lamella giving off a 
niiinbor of secondary lamella' of varing size. The specimen is 110 mm. 
high and 70 inm. wide, and the thi(*kneas of the lamella is about 3 mm. 
The second specimen (U.N. VI. 9), which is t5.> mm. high, 15 min. wide and 
about 5 mm. thick, is a fragment probably broken off* the type*. The third 
s])e(*imcii (R.N. IV. 4) is small .ami InminoHdathrotis. becoming constricted 
towards the base of attachment. The total height is aiiout «')() mm., the 
maximum breadth about 55 mm., and the average thickness of the lamella 
about 4 mm. The surface appears granulated, the granules ladng really 
numerous^ minute, clos(‘-set conuli. The vents are small, round and single; 
some are arranged marginally, others are scatter<»d, but almost always 
confined to one surface of each lamella. Colour in sjurit dark brown, 
becoming lighter towards the base of the sponge; texture coinjiressible, 
resilient, fairly tough. 

The main skeleton consists. of primary fibres, about ()-09 iniii. in diameter, 
running vertically to the surface and connected by an irregular network of 
secondary fibres about half the diameter of the ]>riinuries ; the outermost of 
the secondary fibres form a distinct subdermal skeleton network, the fibres 
averaging about 0*('3 mm. in diameter. The fibres are laminatod and “pithed” 
and the primary fibre.s are coretl by numerous sand-grains and broken 
spicules. 

The dermal membrane, which sometimes contains a good many broken 
spicules, is pierced by round inhalant pores, about 0*06 mm. in diameter, 
which lead into large subdermal cavities lying in the ectosome, which 
contains numerous close-packed, granular, stellate cells. The canal-system is 
lacunar ; the flagellate chambers, whicli are large, s'ic>.shaped^ averaging about 
0 05 mm. in diameter, are placed fairly close together and uro eurypyloiis. 
The me^ogloea of the choanosomo is not strongly developed, except around 
some of the larger canals, where it is collenchymatous, with stellate cells. 
There are also numerous liatids of fibrous tissue, composed of granular^ 
elongated cells, running in from the ectosome in places and deeply pene- 
trating the cboanosome. 

This species is well characterised by its external appearance and unusually 
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compact texture, and, above all, by the coring of the primary fibres by 
sand-grains, which indicates an approach to the Family Spongeliidae. 

Register Ros. and Localities. VI. 3, VI. 9, Sandy Isle ; IV. 4, Wooded 
Isle. 

45. Spongelia DAKim n. sp. (PI. 25. fig. li.) 

Tills most interesting specimen forms a very smooth encrustation (about 
0*65 inm. thick), almost white in colour, over a considerable portion of the 
surface of a very fine specimen of Aneorina ausiraliensis (PI. 25. fig- 11). 

There is a well-developed, minutely reticulate cortex, about 0*085 mm. 
thick, formed of sand and broken spicules, which gives the surface a very 
uniform appearance and presumably covers the vents, as these are not visible. 

The main skeleton consists of columns of broken foreign spicules of 
various kinds, but without visible spongin ; the columns run verticiilly and 
sometimes appear to branch slightly as they approach the surface. 

The thin, transparent dermal membrane is pierced by numerous round 
inhalant pores, which measure up to 0 05 mm. in diameter ; usually there is 
only a single pore in each mesh of the cortex. Small subdennal cavities in 
the sand cortex lead into large subcortical crypts or inhalant canals in the 
choanosoine, the inesoghtvi of wdiich is but feebly developed. The flagellate 
chambers arc crowded together, sac-shaped, measuring about 0*06 mm. in 
diameter ; they are eurypylous and each has several prosopylcs. Some of 
the larger canals u|)pear to be surrounded hy fibrous tissue ; these are 
probably exhalant. 

Thi.s species is at once distinguished by its thin, encrusting habit and its 
well-developed, reticulate sand cortex. 

Register No. and Locality. VI, 6/>, Sandy Isle. 

46. PsAMMOPEMMA CKASSUM {Carter) var. 

Jlolopsamma crassa Carter [1885-6], 

Psammopemma crassum Leiidenfeld [188l>]. 

The single specimen, which is 85 ram. in height, 20 mm. in width, and 
about 5 mm. in thickness, is erect, somewhat lamellar in shape, thickening 
considerably towards tlie base of attachment. The surface is uneven and 
sometimes rugose. Osoula are not visible. Colour in spirit light greyi^h 
brown ; texture hard, gritty, incompressible, but. friable. 

There is a thin, pore-bearing dermal membrane, overlying large subdennal 
cavities in the ectosome, which is feebly developed, with collenchymatous 
mesogloea. The canal-system is lacunar; the chambers, which have several 
prosopyles, are large, sac-shaped, ineasuring about 0*1 mm. in longer 
diameter, and eurypylous. The gelatinous mesogloea is fairly conspicuous ; it 
contains stellate cells and also bands of fibrous tissue. 

The skeleton consists of a dense mass of sand-grains and broken spicules 
with no recognisable spongin, interrupted by irregular patches of soft tissue 
more or less free from sand. 
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Tha large aize of the 6age11ate chaniherB, and the highly lacnnar character 
of the canal-S} stein generally, indicate that this sponge is a true Spongeliid 
and not a reduced Tetraxonid that has lost its proper spicules. 

Previously Jciuncn DisUnhution. Port Phillip Heads (Career, Lendenfeld) ; 
Port Jackson {Lendenfeld), 

Reiiister No, and Locality, IV. 11, Wooded Isle. 

47. Hippospongia intertinalis (Lamarck), 

(For literature and synonysny vide Dead} 

There are two specimens in the collection, light brown in colour, of 
elongated tubular form, with their walk perforated at irregular intervals and 
the surface slightly conulosc. The tubes are about 12 mm in diameter. 

The main skeleton is composed of an irregular network of faiilyhioui, 
amber-coloured, horny fibre, the fibres measuring up to 0*0^^ mm. in diameter. 
There is a surface reticulation of more slender horny fibre. A certain amount 
of foreign matter, including a r«‘w huge oxeotc spicules, has been incorporated 
within the sponge. 

Previously hiown Distrilyuiion, Mediterranean (Lamarck) ; Zanzibar 
(IJyatt); Mascareno Uands and Amiranto Group (Hidhy) ; (^o>K)u Seas 
(^J)enily). 

Register Nos. and Locality, VI. 13tr, VTI. 2, Sandy Isle. 

48. CosoJKODERMA PYiiiFORJME Lcndeufild var. a. 

CMcinoderma pyrifoime LendenMd [1881)]. 

There are four specimens in the collection. The large^^t (K.N. III. 7J, 
which must bo reganled us the type of the variety, is erect, massive, sonu^what 
compressed laterally. and has evidently been attached to a rock along it^ base 
and a portion of one side ; the total height is 50 mm., the maximum breadth 
65 mill., and the average thickness 25 mm. A number of spbinctrute oscula, 
about 3 mm. in diameter, are arranged along a crest on the upper suriace. 
The second specimen (P.N. II. 7a}, whieh measures 45 inin. long, 35 mm. 
wide, and has an average thickness of 12 mm., is oval and somewhat cushion** 
shaped; a number of round sphinctrate oscula, the largest of wliich measures 
2 mm. in diameter, lie round the edge of the convex upper surface. The under 
surface is smooth and slightly concave, and has a few small oscula scattered 
over it. The third specimen (R.N. VI. 20 a) is erect, flabellatc, with oval 
outline, attached to a rock by a short, thick stem ; it is 35 mm. high, 28 inm. 
wide, and about 6 mm. thick ; there is a single oscnlum on one side. The 
fourth specimen (R.N. VI. 22) is a small oval fragment which has probably 
been torn off a larger one. 

The surface is for the most part minutely conulose, the conuli being more 
marked in some places than othiers, while in parts it is quite smooth; there 
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are also narrow meandering grooves, covered in life by the thin dermal 
membrane. Colour in spirit* purplish brown in parts, lighter brown in others; 
texture compact and compressible, resilient, but tough. 

There is a thin but wel]*developed cortex of sand and broken spicules ; this 
cortex is usually of a minutely reticulate nature, the meshes being about 
0*13 mm. in diameter and containing inhalant pore-areas. In other parts the 
cortex seems continuous. 

The skeleton consists of primary fibres alK>ut 0*05 mm. in diameter, running 
vertically to the surface and containing much foreign matter (broken spicules); 
the secondary connecting fibres, which average about 0*02 mm, in diameter, 
form a close network with somewhat irregular, polygonal meshes about 
0*2 mm. wide. 

There is a very well developed collenchymatous ectosoine, in which lie 
large subdermal cavities. The canal system resembles closely that of 
Euspotufia^ Some of the larger canals in the choanosome are surrounded by 
a thick layer of collenchyina. The fiagellate chambers are small, subspherical, 
and about 0*03 mm. in diameter; they are either eurj’pylous or with very short 
canaliculi, and closely packed together. The mesoghea between them is very 
finely granular. Embryos are present, some iti an advanced state of 
development, 

Hyatt [1877] described two sponges, Sponyelia imerla and Sponyeiia 
sphwsa^ which licndenfeld [1889] makes synonymous with his Coseinoderma 
pyriforme. We can fin<i nothing in Hyatt’s description to justify this. 

Keyister and Ijomlities. II. 7a, III. 7, Wooded Isle ; VI. 20a, VI. 22, 
Sandy Isle. 

48 a. CosoiNOi>EiiMA PYBIFORMR LemlenfeUl^ var. 

Cottcinoderma pi/rtforme Lendeiifeld [1889], 

The single specimen, which measures 25 inm. in greatest height, 55 mm. 
in greatest width, and has an average thickness of 10 mm., is a flattened, 
cup-shaped sponge with irregular but entire margin ; it has probably been 
attached to a rock at several points on its convex lower surface. Colour in 
spirit dark brown on the upper surface, greyish brown on the lower ; texture 
fine, compact, compressible. 

The upper surface is very minutely conulose, subglabrous, and has a well- 
marked but thin, minutely reticulate cortex made up mostly of broken spicules. 
Inhalant pore-areas lie in the meshes of the cortex. There are no visible oscula 
on this surface. The lower surface is smooth and has a thin, continuous 
cortex formed of brokea spicules, no inhalant pore-areas being visible ; a 
number of closed oscula are scattered over this surface, surrounded by 
radiating subdermal exbalaut canals. 

The skeleton arrangement and the structure of the soft tissues agree closely 
with those of Coseinoderma pgriforfHO var. a, A large number of small, 
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darkly staining, spherical cells, about 0*006 nim. in diameter, are found 
embedded in the mesogloea ; these cells are most abundant around the various 
parts of the inhalant canal-system and congregated in immense numbers in 
the inner portion of the ectosome ; they are probably symbiotic algee such as 
are known to occur frequently in sponges. 

Register No. and Locality. IV. 5, Woodfsl Isle. 
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EXPLANATION OV TIIK PIRATES. 

Platk 25. 

(All the ilgures in thi*5 plate aw from ))hotograpli8 ) 

Fip. 1 . Leucosolema grinea n, sp. R.N. V I. 21 . X I J. 

2. Leucosolenia proUtgefieB Jln^cliel. K.N. \’1II. 4. X 2, 
tl. AscoUficetfa compt*eBB(i n. ^p. U.N III. 12. X 2. 

4. mavkintumi ii. ap. 11 N. IV. 1. X IJ. 

fi. OrantiapsiB vglituiriea Dendy. R N. VII. In, X oj. 

(5. GvantiopBiB cylindrien Deiidy. II.N. VII. I />. X 11. 

7. GrautupBu cylindricn Dendy. II.N. M. J7r. x 2. 

8. GrantiojfBii cylindrira Dend}. II.N. 1. 1. X 2. 

il. Grantt 0 p 9 iB cglindriva Dendy Jio^. R.N. 111. 4 X 2. 

10. Lelnpia anfiqtut n. sp, R.N. Vll. 1 e. X 2}. 

11. Ancorina amfraiterniit Oarl(*r. ii.N. Vi. 0//; I'ncmsted by Sfmtg&hn dnkun ii. sp., 

U.N. VI. 06. Xl. 

12. Scbniidt. 1J.N. VII. ii. X 1. 

10. Anchinoe JictitioideB n. sp. ll.N. \ I. i. X ^ 

14. i^ignioscejUrelln fibrona Dend}. UN. VI. 2 X 
16. MagalopaBiah amiifihroBa n. sp. U.N. VI. o. X • 


Pl4JL 26. 

Fig. 1. Ijeucoiolenia gmea n. sp. U.N. VI. 21. 

a. Trirndiates, X 160; h. (jtt«d^rndintti^, x 16(). 

Fig. 2. ABColeucetta compressa u. sp U.N. III. J2. 

a. Large triradiates, X(i0; h, Sumll tnui(iiuie% x 160, (w. Quadiuadiates, 

. X 160 

fig. 3. Aficoltut'ftta cfnnpret^Bft n. S]). ll.N. ill. 12. Diagrnniuialic \ ertieaJ Motion thiougli 
margin, allowing canal "System, x 20. 

f.fi., inhalant apertures ; f/.<or., deiinul cortex, / r., inhalant ranal; 
ilagellate chamber: c.i ,o., eilialant opening oi rhatnbei ; M.r., c.\hulaiit cuiml; 
osc., osculuiu ; mesoglu'a. 

Fig. 4. Ancolmcetta cumprvbm ii. sp. U.N, ill. 12. Poition ul similar sf*ctiou. x 00. 

c'.c., collared cells ; jn\y proaopyle; /r., lurg< Iriradiates i»f ileniial cortex (<^.c.) ; 
apical ra}8 of quadriiadiates projecting into flagi IJnIe chamber and exhalaut 
canal. Other lettering as before. 

Fig. 6. Atcokucettn comprma u. sp. KJ9. III. 12. J>ernial sui face, showing skeleton 
aiTangemeut round iubalant aperture, x iOO. 
tr,y tricboxea. 

Fig. 6. J'osftum^opsie mnekinnonin, sp* H.N. VI. J. 

«. Large oxea, X 40; h. Subgastra) or fubar sagittal trirndiates, X40; 
c. Siibdernial pseudo-saifittal triradiates, x 40 ; d, 'rriradiates oi the dermal 
cortex, X 40 ; c. Triradiatei of the gastral corte.v, x 40. 

Fig. 7. fj>aiUi(ip$ts cglmdrwal)&ckdy. U.N. Li. 

a, Triradiates of dermal cortex, XOO; h, Deimol microxea, X 160; r. »Sub- 
gantral txuadriradiatea, X 160; d. Keduced tubar triradiate, x 160; c, Head of 
tubiir triradiate, showing the two vestigial rays, x060 ; /. Gastral quadriradiatea, 
X 160; a,r, apical ray; g. Oxeute from oscular fringe, X 160; /e, Oscular Iri- 
radiate, X 160. 
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Fig. 8. Lelupia antiqmt n. sp. U.N. VII. 1 e, 

a. Large oxea, x 40 ; Slender oxua from dermul bruslies, x 40 ; c. Noriiiul 
sagittal triradiatt»s of dermal cortex, x 00 ; c'. Subgastral sagittal triradiate, 
X 00 ; d. Alate triradiutes of gastral cortex, X 00 ; e, Alate quadriradiates of 
peristome, X tlO ; /. “ Tuning-fork ” spicules, x 60, 

Fig. 9. Anconna brevidem n. sp. R.N. VI. 16&. 

a. Orthotriaene, X 100; h, Auatrimne, x 100; c. J.arge oxeote, X 100: 
c\ Small ectosomal oxeote, X 100 ; d, Microrbabds, x 300 ; e. Tylasters, X 300. 

Fig. 10. llalichmidria phakKUioidi‘9 n. sp. U.N. VI. 1. 
rt. Oxea, X 100; b» Stylote, X 100. 

Fig. 1 1. PhlceiidicU/oH abroikommu ii. S}». ll.X. 11. 0. 

Oxea, X 190. 

Fig. 12. PseudoeBperia cartcri n. sp. U.N. 11. 15. 

a. Tylostyli, X 270; b. Siginata, x 550; a. Quadrideiitate aiiisoohela, side 
view, X 550; c. Quadrideatate aDi.sochela, face view seen from the back, 
X 550; c". Young quadridentate auisuckeln, aide view, x 560: d. Small soini- 
bipoi illato nnisochela', X 550; e. Small palmate anisoclielte, x 550. 

Fig. 13. Anchinob fictitioide>^ a. sp. U.N. VI. 4. 

«. Tornotoxea, X 190; h. Saiali acanthostv li, X 190; r. Long acaiilliostvli, 
X 190; (/. Trideiitate anisochelm (chel* arciuitic), X 650. 
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Report on Opistliobriinchiata from ih(5 Abrolhos Island.^, Western Australia, 
with l)e.s(;ri})tion of a new parasitic ( ^opcj)od. By ( 'HAs. II. t )' DoNOGfirE, 
D.Sc., F.R.S.tJ., Professor of Zoolo*ry, University of Manitoba, Canada. 
((.5oinmunicated by Prof. W. J. Dakik, D.Sc., F.L.S.) 

[Percy Sladen Trust Expedition to the Abrolhos islands 
under the leadersliip of Prof. W. J. Dakin.J 

(Platbs 27-30.) 

[Read 21st .fune, 1920.] 

Fkom a very cursory examination of the distribution of the Opi>thohranchs, 
it is evident that the Indian Ocean is very rich in ineinbers of tliis proup and 
is characterized particular!}' I>y certain genera. For this reason we may 
look forward to th(‘ coasts of Australia furnishing a large number of 
interesting forms. Up to the present, however, th^^y have not been studied 
in this area with any degree of thoroughness, save in the neighbourhood of 
Sydney by Anga> (7) and less expensively in Soiiih Au.stralia by Basedow 
and Iledley (8 b In \V(‘stern Australia it may be said that no systematic 
collecting has boon done, so that our knowledge of the Opislhobrancb fauna 
of this coast is \erv limited. 

The present collection, while small in numbers, is, ne\orthel<?ss, interesting 
and, it is to be hoped, nsefnl. Certain of the species theiiiselvos appear to he 
new, and some of the others, although ])rcviously recorded, hav(‘ only been 
incompletely described, so that it has been possible in all cases to give here 
further essential information regarding their structure or distribution and to 
clear up certain doubtful points. In these ways therefore it will extend our 
hitherto meagre knowledge of AVestern Australian forms and so help to fill 
a noticeable gap. 

The student of the Opisthobranchiata, and especially the Nndibranchiata, 
is generally faced with one of two very serious difficulties. On the one 
hand, if he collects living material, he does not as a rule have the oppor- 
tunity to dissect it and, more particularly, to examine the radiila'. On the 
other hand, if he is working out a collection in a museum or laboratory, 
while he is able to make such dissections and preparations of the radulse as 
the material allows, he is usually not in a position to recognize the original 
colour, or perhaps even shape, of the living creature. 1 doubt if any other 
group of animals is so disappointing when preserve<l ; anyone used to seeing 
them alive, with their beautiful coloration and often graceful shape, would 
hardly recognize them in the shrivelled discoloured lum[)s that they become 
after preservation^ Hence it follows that unless the two aspects are dealt 
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with siniultaneonsly, there is always the j)ossibility of one species receiving 
two dilFeront iiames^ one from the collector who knows the living animal 
and the other from the laboratory worker who has handled only preserved 
material — indeed, it would not be difficult to cite instances of this. That this 
may occur in Australian material is made possible in th<‘ case of the paper 
by G. F. Angas on the Nudibraiichs of New South Wales (7)- This work is 
illustrated by a number of excellent coloured figures, from which I should 
judge a collector would hav(‘ practically no difficulty in recognizing the 
living forms at once. As no details or figures of the raduhc or other internal 
organs are given, how<‘V(U', it would ho iinj)ossihle to recognize a nninher ol 
the species from a collection of preserved material without colour-not(?s. 

This difficulty may he overcome* if the same person works at the forms 
from the two aspects, or by the co-o]icration of two iinlividuals. In tluj 
present case I have been fortunate enough to look through the collection 
with Professor Dakin, who gave me colour-notes, which, while ludcf, should 
be sufficient to allovr of the easy recognition of the living animal. In two 
instances he supplied me with coloured drawings. 

It has already been noted that the Opisthohranchs of Australia arc hut 
little known, and they would well repay further study, but ir is of tlu* utmost 
importance that when collections are being made adequate colour-not(*,s of 
the living animal should he taken. 

The list of workers who have treated of West Australian forms is very 
limited. The earliest records are those of Cuvier, J8t)4 (31), who described 
two species of Nudibraiichs brought back by J\;r()n from that coast. Quay 
and Gaimard in 1^33 (68J| described one further species. Sowerhy in 
(71) described the shell of a Tectihrancli from the (Uniiing collection in the 
British Museum. In 1876 Abraham (1) described another Nudihrancli from 
the British Museum material, and Bergh (12) one from the ('uming collection 
in the British Museum. A species brought back by Dr. Studor in the 
‘Gazelle^ was described by Bergh in 1880 (22). Kent (54) in .1807 
recorded a single species that actually came from the Abrolhos Islands. 
Lastly, in 1917 Odhiier (59) described three further Nudibranchs which were 
brought back by Dr. Mjbberg^s Swedish scientific expeditions to Australia in 
1910-13. 

The species recorded therefore are : — 

TECTIBBAKCHIATA. 

7'eihys [Jplysia ffiyantea] (Sowerby), recorded from Swan Kiver. 

HUDIBSANCHIAIA. 

Oladohp:patjca. 

Scylloia pelagica Linn., recorded by Cuvier from Terre d^Edols. 
l*hyllirhofi lichiensieinii Eschscholtz, recorded by Quoy and Gainard from 
Terre d'Edels. 
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Armina {Pleurophillidia) cygnea (Bcrgh), recorded from Swim Jtivor. 
Madrella /erruginosa Aid. & Hanc., recorded l>y Odliiier from (Jape Jaubert. 

HOLOIIEPATICA. 

Jlexahranchtts imperiaiis Kent, recordi'd from th(i Abrollios. 

Kontrodoris maculosa (f/uvicr), recorded from Baye dc'- (‘liieiis mariiis. 

( 'eratosoma brvviraudatum Abraham, recorded from \V(‘sl Australia. 
('eratosoma coralUuum Odhnor, recorded I'rom Oiipe Jaubert. 

Phylitdia raricosa Bergh, recorded from Dampier's Arebij)elago. 

IVerelyanu niarginata Odhner, recortled from Cape Jaubert. 

This is a small list of only 11 species and the present collection contains 
16 species, only throe of vvliich liave boon recortled previou.sly from West 
Australia, and so the total now known from the tioast is 24 — a very small 
number when one considers tho length of the coa>t-line and tlie fact that 
lhert‘ is every indication of its possessing a rich fauna. 

The following species are here represented : — 

TECTIBBANCHIATA. 

'I'ethys [Ajdysia] gigaitfea (Sowerby). 

Tetliys lAjtlysiaj deuistmi (Smith). 

I hlabrifera jfe/sartcusis, s]». nov. 
herihella jdumula (Montagu). 

ASCOOLOSSA. 

I*lat\)brunclnis (urpansa. sp. nov. 

NUDIBRANCHIATA. 

IIOLOIIEPATICA. 

Spha rostoma [ Tritonia^ dakiniy sj». nov. 

Uej’alfranclnts Imperialis Kent. 

AUoiodoris hedleyU «^p. nov. 

Asteronotus /usrus, sp, nov. 

(rlossodoris [Chromodoris^ ivestralivnsis^ sp. nov. 

Aphelixloris ayinis Eliot. 
i^eratosoma brevivaudatnm Abraham. 

Dendrodoris [Doriopsh^ nigra (Stimpson). 

Dendrodoris [Doriopsis^ mammosa (Abraham). 

JVembrotha purpaveolineaia^ sp, nov. 

Notodoris gardineri Eliot. 

With such a small list it is hardly profitable to sp(‘nd much time in the 
discussion of the distribution and relationships of its members, for as soon as 
any systematic collecting is done the list will be enormously increased. 

Professor Dakin has called attention to one or two points in his general 
description of the expedition (32) that need brief consideration here. In 
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the first place, the Abrolhos Islands are probably the most southern coral- 
islands in the world. A tropical current from the north and north-east 
passes down and bathes their shores, and tlie available evidence goes to show 
that the temperature of the sea round the islands is usuallj' some degrees 
higher than that near the adjacent coast — indeed, even in the winter, it rarely 
falls below 20° He further suggests that if a preponderance of tropical 
species is found it will probably be due to this warm current, although the 
fishes apparently are southern forms. 

Of the Tectibranchs, one (i. e.. gujantea) has been recorded previously 
from Queensland. The two genera J folahrifara and PlacohranrhuR are, 
on the whole, distinctive of tropical or sub-troi)ical seas, while Berthdla 
is perhaps more widely distributed. 

It may be stated of the Niidibranchs that, ns a general rule, the Clado- 
hepatica are characteristic of cool or cold waters, while the II«)lohepatica 
characterise warmer regions. It is therefore j)robably not without signifi- 
cance that all the forms in the present Abrolhos material belong to the 
Holohepatica. lii passing, too, it may be worth wdiile to notice^ that, of the 
(.iladohepatic genera recorded from the const of the mainland of Western 
Australia, i. c., {PUurophglUdia)^ Scgllaa, and Madvidla^ the two 

former are of world-wide distribution and the last is a im)re or less tropical 
group. All other West Australian forms so rocortled are Ilololiepatie. 
Turning again to the present materia], the >Sphrerostomids .nre universally 
distributed, but practically all the other genera are distinctly those of tropuial 
and sub-tropical seas. 

Comparing this list with that of the Briti.sh coast or of the northern part 
of the Pacific Coast of North* America, the differences is most striking, and it 
is impossible not to recognize that it is far more sub-tropical in cliaracier. 
Cold-water groups app('.ar to he entirely uu represented! up to the pre.sent, and 
it is hardly possible that, even if found, they w ill ever outnumber the troincal 
and sub-tropical genera. 

We may conclude, therefore, that, as far as the Opisthobranchs at present 
known are concerned, the fauna of the Abrolhos Islands is distinctly sub- 
tropical or tropical in its constitution. 

The remarkable way in wliich the ordinary usages of systematic taxonomy 
have not merely been ignored but flagrantly violated by many w^orkers on 
Nudibraiichs has created such a series of pitfalls that even wdth the utmost 
care it is almost impossible to avoid them all. Among the most obvious of 
these are examples where species have been given new»^ names, apparently 
because tbe author did not like the previous one, and this although the older 
name has many years’ priority, and the identity of the two forms is empha- 
sized. Again, several genera have been combined and a new generic name 
invented, or the reverse of this may have happened and an old genus split 
up to make way for two or more new ones, while the original name has been 
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discarded. It is obvious that, if this sort of proreduro goes on unchecked, the 
ciltimale result will he a chaotic muddle, out of which it will ho very difficult 
to find a way. The pres uit author, in conjunction with Irodale (51a), has 
spent a great deal of time in an attempt to straighten out th(‘ tangl(^ of the 
synonymy of the 13ritish Nudihranchiata, and, as a result, certain fairly 
wddely used generic names have been replaced hy loss known ones. The very 
obvious eriiicism will he made tliat such changes will cause a certain amount 
of imamvenience, and it must he admitted at theoufsol that this is so. On 
the oilier hand, a. few hours’ work in the taxonomy of any group will 
soon sliow that, this incoiiv<Miieuce is notliing to the deadlocks that arise 
from tlie sli|)shod and incorrect use of names. The common remark that 
“evervoiu) knows what so-and-so means’^ is not merely untrue, for the 
original descril)er of the species would not know', hut it is frequently a flimsy 
excus(‘ For avoiding the work necessary to justify tl)e employment of a 
correct terminology. Kiirtliermore, it becomes impossible to discuss such 
topics as the comparative anatomy, systematic relaiionhhip, ami distribution 
of the meinhcrs of a large group of animals unless one can he more or less 
certain of the species involved. Wherever changes from tlie common 
usag(‘ have, been made, the reasons for so doing have been briefly given and a 
synonymy provided. 

My friend Professor Dakin handed the collection over to me for exami- 
nation, and I wish to offer him my sincere thanks not only for so doing but 
also for giving the colour-notes mentioned above. F also desire to thank the 
authorities of the British Museum — in particular, Mr. G. (A Kohson — for the 
])rivilege of working at the Museum, where ready reference to hooks and 
specimens greatly facilitated my work: and, lastly, also l^rofessor Dendy, 
F.U.S., (»f King^s ('ollcgo, FiOiuhm, in whose laboratories the dissections, 
preparations of the radula% and the drawings were made. 

All the drawings of teeth were made with the camera lucida from my own 
preparations. Type-specimens, examples of all the species, and, when 
pres'mt, the raduhe have been deposited in the British Museum. 

Order OPISTHOBEANCHIATA H. Milne-Edw'ards, ]«4S. 

The Gkistropoda belonging to the class Euthyneura are all hermai)hrodite 
and characterised by the detorsioii of their visceral mass and nerve- 
commissure; in addition, they generally have tw’o pairs of tentacles and 
exhibit a tendency, sometimes marked, to concentration of the nervous 
system. They fall fairly naturally into tw'o orders — the Pulmonata, which 
are adapted for aerial respiration and life on land, and the Opis thobranchia ta, 
which are adapted for aquatic respiration and a marine life. The 
Opisthohmnehs thus come to form a well-defined group ; on the other hand, 
however, the division of this order is not quite so simple. 
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Certain authorities — e.g,^ Bergh (14 & 17) , von Jhering (62 & 63) — recognise 
three sub-orders : namely, the Tectibranchiata, the Nudibranchiata, and the 
Ascoglossa. The last-named sub-order is characterised inter alia by the 
possession of a iiniseriate radula with teeth of a special form which, when 
worn out, are not ejected, but retained in a sac lying at the base of the buccal 
apparatus [hence Sacooglossa von Jhering (62)]. The difficulty in accepting 
this classification lies in the fact that the Ascoglossa undoubtedly contain 
two separate groups — (1) the Lophocorcidae {Lohiyer and which 

show certain marked affinities with the Tectibranchs, so that some 
authorities they are included wdth them, and (2) the Herma?ida% IMiyllo- 
branchidse, Placobranchida?, Blysiidtp, and Ijimapontiidic, which are 
undoubtedly more nearly related to the Niidibranchiata, Eliot (40), to 
overcome this, places the Lophoeercidse with the Tectibranchs and the 
remaining families with the Nudibranchs. While this avoids one difficulty 
it creates another, for it does not sufficiently mark off these Aacoglossan 
forms, which deserve some recognition. Vayssiere (73) iucdudes the 
Lophocercidaj (Oxymcidie) with the Tectibranchs and the remaining 
families he groups as a separate suli-order — the Ascoglossa, allied to the 
Nudibranchs. This restricts the application of the term Ascoglossa to the 
forms allied to the Nudibranc*hs, and excludes from it the Jjophocercddjc 
which are included under the older and original usage of the term and wdiich 
are, of course, Aseoglossan. Polseneer (66) has hut two orders in the 
Opisthobranebs — the Tectibranebia and Kudibranchia. The latter he divides into 
four Tribes, of which the fourth (the Elysiomorpha) is identical with the 
Ascoglossa of Vayssiere. While agreeing that the Elysiomorpha constitute 
a group of forms related to the Nudibranchs, 1 cannot accept IVlseneer's 
view that they are highly specialised Eolidomorpha. Indeed, for a niimher 
of reasons that need not be entered into here, I am inclined to think that if 
there is any relationship between the Elysiomorpha and Eolidomorpha it is 
the reverse of this, and the former are to be reganled as the more primitive 
and not the derived group. 

The difficulty remains, and further work on the doubtful and transitional 
forms will be necessary before it can be satisfactorily settled. For the 
purpose of the present paper it is intended to adopt the classification set 
forth by Vayssiiire in 1885 (73) and to divide the order Opistbobranebiata 
into three sub-orders — namely, the Tectibranchiata, the Ascoglossa, and the 
Nudibranchiata, using the term Ascoglossa in the restricted sense as identical 
with the Elysiomorpha of Polseneer. 

SubHjrder TEOTIBRANf^IATA (Cuvier, 1817. 

The Tectibranchs are characterised generally by the possession of a lateral 
or dorso-lateral gill (ctenidium) on the right side, protected by a fold of the 
mantle ; usually a shell, internal or external ; a radula, whose used teeth are 
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discarded. The asynimotrical position of tlie etenidium involves also a 
certain asymmetry of the viscera that is not (diaracteristic of the Nudi- 
brnnchiata. 

The main sub-divisioiis employed here are those suggested by Fischer in 
1884 (41) and adopte<l hy Vays^iere (74) and Pilsliry (67) among others, and 
the sub-order is split into three divisions : (1) Cephalaspidea, ( 2) Auaspidea, and 
(3) Notaspidea. ^I’hree of the species in the collection belong to the second 
group fthe Anas])id(!ii) and fall within the one family (the Tethyida*^. The 
other belongs to the last group, the Notaspidea. 

(2) TECTIBRANCHIATA ANASPIDEA Fischer, 1884. 

Tectibranchs that lack a fleshy head-shield ; the head possesses two or 
four folded or split tentacles : the shell is spiral or plate-like, usually hidden 
by mantle, ainl with a posterior terminal nucleus, rarely absent ; the penis 
is near right anterior ieiitucd<‘. the female aperture and vas deferens open 
n<‘ar gill. 

Family TFTilYID-d^ (APLTSiinjf:). 

The animal is elongate; the shell is in the forpi of an uncoiled concave 
plate, almost or entindy hidden, or absent; the neck and head are narrower 
than the IkkIv, the mouth is a vertical fissure : the epipodia or ])leuropodia 
are recurved over back, forming two lateral or dorsal lobi‘s enclosing mantle 
and gill. The genital orillce lies within dor.sil slit, communicating hy a long 
furrow wit.li the inv(‘rtihle penis, which lies near the anterior right tentacle ; 
the mouth is armed with liorny jaws ; the miiltiserial radula possesses 
similar teeth ; the stomach is armed with cartilaginous nodules; the anus is 
situated behind the gill. 

The name generally u.>ed for the family is Aplysiidjc from the generic 
name but Linnicus in his tenth t dirion, 1758, uses the term Tetlips 

for an animal which he briefly defines and refers to a figure in Uondelet, and 
this is beyond doubt the ordinary sea-hare usually referred to now as 
Later, in the twelfth edition, 17G7, he applies the term Aphjsia or Laplt/sia 
to the very same creature, and nse.s the name TcthifSi for the Niidihranch 
(!ommonly known as Tvthps jimbria. Pilsbry ha.s dealt fully with this 
matter (66), and points out, quite correctly, that the term 'JUht/a is the 
proper one for this genus and not applicable to Nudihranebs. lie adopts 
this nomenclature in his monograph (67, p. 550? strangely enough retains 
the old family-name Aplysiida?, whereas the family should take its name 
from the oldest or typical germs of the family The correct family-name, 
however, is used by Hedley (50, p. 107), 19 J 8. There is no doubt that Pilsl)ry 
was right in making this change, and the genus is Teth^s with Aplt/sia as a 
synonym. It is to bo regretted that earlier writers did not go hack to the 
original literature, but continued to use the word Aph/sia an<l misapply 
the term Tetliys. 
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Genus Tethys Linn. 1758. 

Type by designation, T. leponna Linn, ; T. limacina Linn. 

.being unidentifiable. 

Synonymy : Aplysia Linn., 1767, and subsequent authors. 

Type, Laplyata depilana Innn. 

The animal is swollen behind, narrower in front, with rather a long neck 
and head, bearing folded tentacles and slit rhinophores as is usual in the 
family ; the latter lie about midway between tentacles and dorsal slit. The 
pleuropodia arise in front of the middle of the animal’s length, are ample, 
freely mobile, free throughout their length or united for a distance behind. 
They are functional as swimming-lobes ; their anterior ends are separated. 
The mantle nearly covers the gill, having a median tube, foramen, or orifice 
communicating with shell-cavity, and produced behind in a more or less 
developed lobe or lobes, folded to form an excurrent siphon. The genital 
orifice lies under the front edge of the inantlei, in front of the gill ; an 
opaline gland is present a short distance behi))d the genital opening. The 
foot is well developed. Tlie shell is very thin and membranous with a thin 
calcareous inner layer; it is nearly as large ns the mantle, concave, with 
pointed small apex, bears a recurved lamina, and has a concave posterior sinus. 

I am aware that it is an extremely difficult matter in certain cases to 
identify members of the genus Tethys by their shells, which are on the whole 
very similar, but the two following sf)ecies have been placed under the sanu* 
names as previously recorded, but poorly de.scribod, forms. This has been 
done because I have had the opj)ort.unity to examine the type-material and in 
neither case have I been able to detect significant differences between the 
present and the previously described species. Further, the localities are in 
each instance sufficiently near to make it probable that they fall within the 
limits of the distribution of the respective species. Literature, moreover, is 
strewn with nomina nvda due to the multiplication of namos founded upon 
unsatisfactory descriptions or without sufficient notice of previous work. 

Species Tethys gioantea (Sowerby), 1869, Conch. Icon. vol. xvii., Aplysia^ 
pi. 1, sp. 1, fig. la & 6. (PI. 27. fig. 1. PI. 29. figs. 20-22.) 

Body. The animal is very large, quite justifying its name of yigantea^ and 
its body is plump, high, and somewhat egg-shaped. The visceral hump is 
placed relatively far back in the largest part of the body, which narrow's and 
gets lower »s it passes forwards to the cephalic region. The very well- 
developed pleuropodial lobes arise a short distance behind tlie rhinophores, 
are freely and widely separable, and unite posteriorly to form a transverse 
fold across the hinder end of the body above the short but well-marked 
caudal prolongation of the foot. The moderately thick mantle is perforated 
by a small aperture over the centre of the shell. It covers the ctenidium, 
save for a narrow strip postero-laterally, but more completely than in the 
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next species. The anal funnel is strongly marked and protrudes between the 
binder margins of the pleuropodia on the right side of the middle line. 
The integument is soft and smooth, but thrown into a series of raised areas 
of irr<*gular sizes and shapes, separated from one another by deep narrow 
grooves. The whole animal, more particularly in lateral aspect, presents a 
very characteristic ap|)earance, recalling to some extent the appearance of 
crocodile-hide, but, as just noted^ it is quite soft. 

The opaline gland occupies a well-defined region below the right anterior 
part of the mantle. It opens to the mantle-cavity by a very distinct, 
circular or slightly crescentic, single aperture and not by a series of apertures 
as in 2’. punctata. 

Colour, The colour of the preserved specimens is a very deep brownish 
grey with black lines running in many of the cracks, but also forming areas 
of interlacing tracery under ihe pleuropodia and in the caudal region. 
Professor Dakin informs me that in life the animal was of a deep opaque 
purple-green . 

/^hnennious. The larger specimen measured, in the preserved condition, 
15 cm. long by 6’5 cm. wide and 6 cm. high, but of course would have been 
much larger in life, as all these animals shrink considerably when preserved. 
Judging from the type-shells named by Sow’eiby, one of the original speci- 
mens must have been at least a half or two-thirds as large again. If we 
take tho estimate made by Bales (33, p. 12) that when preserved 7\ puuC’- 
tata rarely measures “ more than a third of its length when alive/^ and 
assume it to apply to 7\ ffufunfea, we see that it is possible that tlie present 
species may reach a length of about 60 cm. (say, 2 ft.). 

Head, The head and neck-region of this form are quite well devtdo})ed, 
altliough noticeably smaller than the body of the animal. The vertical .slit- 
likc mouth has a large auriculate tentacle on each side. These cephalic 
tentacdos do not meet in the mid-dorsal line above the mouth, but an extension 
of each forms a sort of lateral fiaiige passing on each side of tho mouth. 
The postero-dorsal border of each tentacle is rolled, so as to form a very (um- 
sjncuous groove facing backwards and outwards. Below and complelely 
hidden by the right oral tentacle is the penis. 

Foot, Tho foot is well developed, broad, and muscular. It is not sharply 
marked ofiE from the pleuropodial lobes laterally, and in the larger specimen 
its surface presents the same crocodile skin*’ pattern as the sides of the 
body. At the anterior end it is separated from the head by a well-marked 
groove, and it is expanded into large semicircular lobes which meet across 
the anterior end. This is present in both specimens, but much more marked 
in the large one, where this frontal expansion of the foot projects laterally 
almost the width of the head beyond it on each side. The hinder end of the 
foot has a similar, but much smaller, expanded lobe borne on each side of the 
caudal prolongation. 

LINN. JOUHN.—XOOLOGY, VOL. XXXV, 38 
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Uhinoplm'es. The rhinophores^ although considerably smaller than the oral 
tentacles, are very obvious cylindrico-conical structures lying close together 
in the dorsal region about halfway between the oral tentacles and the 
beginnings of the pleuropodia. Their terminal portion takes the form of a 
fairly thin flap folded upon itself so as to produce a deep groove facing 
laterally. 

Gill or Ctenidium. The large gill is crescentic in shape and forms a lobate 
plume. The anterior portion is attached by a wide base along the pallia! 
cavity and the posterior end is free. J ust the edge of the hinder portion 
protrudes from beneath the mantle. 

Shell. The shell is transparent, very thin and soft, and of a pale horn- 
yellow colour. The concentric lines of growth are clearly visible. That of 
the smaller specimen measures (52 mm. by 41 mm. The shell of the larger 
specimen was considerably larger, but left intact. The largest of the Sowerby 
shells in the British Museum was 96 mm. by 79 mm., but it is very dry and 
shrivelled. 

Labial Armalvre. Tlie wall at the hinder end of the buccal cavity is lined 
by a thin semi-transparent (!ariilagc-like membrane; this takes the form of a 
compressed tube, whose diameter is 9 mm. high and 4 mm. at its widest point 
and about 5 mm. long. This is strengthened by two flat cushion-shaped 
bands, 3*25 mm. wide*, of a deep brown colour. They almost touch dorsally, 
but are slightly more widely separated at their ventral ends. Under the 
microscope it will be seen that these bands are coin})osed of an enormous 
number of tiny cylindrical rods with rounded ends, closely packed together to 
form a sort of pile ’ as ip velvet. In some works these bands are spoken 
of as jaws/* but this is not a good term, as they cannot be considered us 
either homologous in structure or analogous in function with the jaws of 
Nudibraiichs. 

Radula. The radula is very well developed, and in the smaller of tlie two 
specimens measured 15*5 min. long by 14*5 mm. wide. The total number of 
rows in the radula was from 83-85. The number of teeth in the various 
rows was as follows : in the first row 5 (/. 2.1.2); in the tenth row 15 
7. 1. 7); and in the seventeenth row about 119 [i.e., 59. 1. 59). The 
rachidial tooth is large and consists of a basal plate in the form of a trapezium 
with a deep notch in the middle of the anterior edge and a leaf-shaped blade. 
The blade has a broad median denticle with 3 or 4 lateral spines increasing 
in size towards the base and the two lateral smaller denticles each flanked by 
one or two spines. The bases of the inner pleurals are roughly rhomboidal 
with curved sides. The blade contains two main denlicles, of which the 
inner is larger and has 5-6 lateral spines. The outer bus 3*4 laterals, the 
basal one being larger than the others. The plenrals increase in size towards 
the outside, reaching their maximum more than halfway out. Here they 
are much longer and the two denticles are very large and almost smooth — 
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they have a very thin crenulated edge along their basal portions. The teetli 
decrease in size rapidly at the margin, and the last one or two consist o£ a 
single elongated basal plate with no .spine. 

The conspicuous genital aperture is to be found just in front of the anterior 
edge of the mantle to the right of the middle line. The seminal groove is 
well marked and passes forward around the outside of the right rhinophore 
to the penis underneath the rigid cephalic tentacle. 

The anus lies on a fold of the mantle to the right of the middle line behind 
the visceral hump. Tn this region the mantle is somewhat thickened and 
produced to form an anal funnel which projects beyond the pleiiropodia. 

Notes, Two specimens were obtained from near Fremantle (some 250 
miles south of the Abrolhos region), and as Sowerby’s specimens were 
also from “Swan Hivor ” the present ones can probably be regarded as 
topotypes. 

Species Tetiivs denisoni (Smith), Rep. Zool. Coll. ^ Alert,’ p. 81) (1884). 
(IM. 27. fig. 2 ; PI. 29. figs. 23-25.) 

Bodi/. The body is plump, high, an<l somewhat egg-shaped, being wider at 
the hinder end than at the front end, and it passes forwards into a narrower 
head or ce[)halic region. The visceral hump appears to be thrown rather far 
hack as compared with T. {Aphjsia) punctata. The pleuropodial lobes arise 
laterally about as far behind the rhinophores as those are behind the oral 
tentaedes ; they ar<‘ moderately large and freely sei>arable. Posteriorly they 
unite and form a .sort of tran.sverse flange across the hinder end of the body 
above the caudal prolongation of the foot. The mantle covers the shell, but 
possesses a small central perforation, and it also largely covers the ctenidiiim, 
which is free for a short distance at its postero-lateral end. The anal funnel 
is well developed. The integument covering the whole animal is very 
smooth, but thrown into wrinkles. 

The opaline gland is a well-defined body lying under the right anterior 
portion of the mantle an<l opening to the mantle by a single fairly large pore 
and not by a series of apertures as in the Knropean 7\ punctata. 

Colour, When preserved the animals are of a pale greyish white and the 
wrinkles are often Irlaok, very similar to those in T, (jigantea, Prote.ssor 
Dakin informs me that in life they are of an olive-green colour with some 
darker mottlings. 

Dimensions, The largest specimen when preserved measured C cm. long 
by 3 cm. wide and 3*2 cm. high. 

Head, This may be regarded as including tbo head and neck. The mouth 
is terminal and takes the shape of a vertical slit; on each side is a fairly 
large auriculato tentacle. These pass down on each side of the mouth, and 
at their upper border are curled round to form a groove directed posteriorly 
and outwards. They are separated in the mid-dorsal line and show no 

38* 
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tendency to fnse and form a sort of veil as in T. punctata. Belo'w and in 
front of the right oral tentacle lies the {wnis. 

Foot. The foot is large and muscular and fairly broad. It is sharply 
marked off from the head at the anterior end by a groove, and posteriorly it 
is continued as a sort of tail. The plonropodia arise as dorsally-directed 
flaps from the median and postero-latoral region of the foot. 

Jfhinophores. The rhinophores aretw'o snb-conioal projections aboiit 12 mm. 
high, situated near the mid-dorsal line about halfw.iy between the oral 
tentacles and the front end of the pleuropodia. They are deeply grooved 
along the terminal portion of their postero-lateral borders. 

Gill or CtenidSum. The gill is well developed and is a lobate plume of 
crescentic shape. It is attached by a wide base along the antero-median 
margin of the pallial cavity, and posteriorly it passes out freely and the tip 
is exposed to a relatively greater extent than in the preceding species. 

Sitell. The shell is pale yellow, transparent, with concentric lines of growth 
clearly showing, and it measures 28 mm. by 2.5 mm. (Smith's specimen 
measured 30 by 27 ram. — a fairly close ajiproximation). The postero-dorsal 
umbo lies fur back on the visceral mass. On the longer, moro arched, left 
side of the shell lie a ridge and a groove which run parallel with the edge. 

LaUal Armature. The inner parts of the buccal cavity an* lined by a thin 
hyaline layer of cartilaginous consistency. This takes the form of a tul)e 
flattened laterally ; its internal dimensions are 5‘75 mm. high by 1*5 mm. at 
its widest point and it is about 4 mm. long. It is strengthened by two 
slightly raised l)ands 2*5 mm. wide ; these almost touch <lorsally, but are a 
little njore separated ventrally. As in the preceding sjtecies they are com- 
posed of an enormous number of tightly packed circular rods. 

Itadvla. The radula is well developed and measured 12*5 mm. long by 
10*5 lum. wide when spread out on a slide. It is of a deep horn-yellow 
colour, llie number of row’s in the radula is aliout 48 and the number of 
teeth in the first row 3 (i. e., 1. 1. 1) ; in the tenth row 45 (i. e., 22. 1. 22) ; and 
in the thirty-fifth row about 87 (t. e., 43. 1. 4.*}). The biuse of the rachidial 
tooth is roughly trapezoidal, with a deep rounded notcli in the middle of the 
anterior border. The blade is leaf-shaped and relatively larger t.bnn in 
T. giyantea. It has a median spine bearing 3-4 lateral denticles and two 
lateral spines. The first of these has two lateral denticles and the other is 
smooth. The Imse of the first pleural tooth is approximately rhomboidal 
with curved sides ; its blade consists of two well-marked spines, the larger 
on the inside, and each bears a series of from 2-4 flanking denticles. The 
pleural teeth get larger as they pass outwards, reaching their maximum well 
over halfway out. The blade becomes elongated and the spines much 
longer, but they retain their lateral denticles, about 3-5 in number. 
Finally, near the lateral margin, first tlie smaller spine disappears and then 
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the larger, so that the last two or three teeth consist simply of a narrow 
oval basal plate. Ail the types of teeth differ from the corres{)onding ones 
in T. gigantea. 

The genital a))erture lies a little to the right of the middle line^ just under 
or very slightly in front of the anterior edge of the matitle, and from it the 
quite distinct seminal groove passes forwards to the penis, which, as noted 
above, lies just in front of and below the oral teuiacle. 

The anus is situated at the hinder end of the visceral liunip^ practically in 
the mid-dorsal line and a short distance away from the hump, upon a fold of 
the mantle. In the neighbourhood of the anus the mantle is thickened and 
projects outwards in the form of a flap, which is coiled round in such a manner 
as to form a funnel, the anal funnel, which in this species is relatively huger 
than in 7\ pvnetaia, 

yotes. In all, five specimens of thi.s species were obtained : two large ones 
about the same size from Wooded Island, tw'o smaller ones with no (‘xact 
locality given, and one quite small one from Pelsart Island. Professor Dakin 
in his paper on the Abrolhos (32, p. 170). when dealing with Wooded Island, 
makes the follow ing reference, presumably to thi^ species : Nudibranchs and 
Tectibranchs {Aplgsla sp.) were extremely common. We could have 
ol)tained hundreds of specimens of Apigmi by merely picking them up as we 
waded in the shallow water."^ 

Smith (70, p. 89) described a form Ajdgsia denisoni collected by 11.51.S. 
‘ Alert ^ in the following manner: — 

Body (in spirit) high, exhibiting a distinct pedal disc, |)roduced pos- 
teriorly into a eaiidul termination. The entire surface dirty whitish, black- 
vcined in the wrinkles (? stains only). Muntles-lobes moderately large, 
commencing in front some distance behind the posterior tentacles and 
terminating a little in advance of the eauda. Anterior tentacles large, 
cylindrical, with the apical slit not extending halfway dow^n the outer side, 
placed a little nearer the oral tentacles than the beginning of the mantle- 
lobes. Eyes minute, situated near the outer anterior base of the tentacles. 
Shell very thin, straw-colour, 30 mm. long and 27 broad. Animal about 
three inches in length in its contracted state.’’ 

This description, while not very exact, applies closely to the present .speci- 
mens. It wras, however, of an animal obtained from Port Denison, Queens- 
land, and 1 should have hesitated to regard it as identical, hsid it not been 
possible to examine the original type-specimen in the British Museum. 
Smith’s specimen, much discoloured by age and not well preserved, and the 
shell, dried and somewhat shrivelled, are still available. Taking into account 
the difference in condition of the specimeus, I can see no way of distin- 
guishing between them, and so I have placed the present forms under Smitirs 
name, although they come from fairly widely-separated areas. 
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Genus Dolabbifera Gray, Proc. Zool. Soc. London, p. 162 (1847). 

Type by tantonomy and desig;nation : 

]), dolabrifera Bang, Hisfc. Nat. Aplys. p. 51, pi. 4. figs. 1-6, ex Cuvier, 
Keg. Anim. (edit, i.) iL p. 398, ‘M817 ” for 1816 (name only). 
Synonymy : Dolabbifbb Fischer, Mon. Conchyl. 1883, p. 668. 

The general form is ovate-oblong or aack-like, tapering towards the tail. 
Tentacles and rhinophores are slit and expanded distally, the latter lie nearer 
to the front margin than to the dorsal slit. The eyes are as in Tetin/s, 
The pleuropodial lobes arise far behind the middle of the length, are 
contiguous, scarcely mobile, united behind, and enelose n large gill-cavity ; 
the dorsal slit is short. The mantle is small, not perforated over the shell, 
nor covering much of the gill. The foot is broad, often expanded at the 
edges. The genital pore lies in front of the gill, under the mantle-edge. 
The shell is small, not spiral, solid and calcareous, and sub-triangular, 
trapezoidal or irregularly oblong ; the apex is projecting and calloused, 
with no spiral tendency. The radula bears large sub-triangular rachidial 
teeth, with several denticles on the cusp, and the lateral teeth possess long, 
coarsely denticulate cusps. 

Species Dolabrifera felsartensts, sp. nov. (PI. 27. fig. 3 ; PI. 29. 
figs. 26-28.) 

Body, The body is oblong-ovate, reaching its maximum width behind thc^ 
middle and passing backwards to a bluntly pointed tail. The hack is arched 
and the whole integument is wrinkled, and bears a series of wart-Iiko pointed 
projections. The pleuropodial lobes take their origin towards the middle 
region of the body ; they arc! not easily movable, and are separated by a slii< 
lying slightly to the right of the mid-dorsal line and mainly in the posterior 
half of the animars length. At the anterior end the lobes are practically 
contiguous, but separated by the narrow genital groove. Within the gill- 
cavity, the mantle entirely covers the shell and is not perforated ; it only 
covers a small part of the gill. 

Colour, The colour of the preserved specimens is of a uniform dirty 
brownish grey, and Professor Dakin informs me that the living animals were 
much the same colour, but of a deeper warmer brown. 

Dimensions, The larger specimen measured 32 imn. long by 9 mm. wide, 
and 8*5 mm. high. 

Head, The bead is relatively small and the front of it is occupied by the 
vertical slit-like mouth. It is separated from the front end of the foot by a 
groove. Antero-laterally it bears two split auriculate oral tentacles. The 
tiny eyes lie just in front of and outside the rhinophores. In the larger of 
the two specimens the head is practically withdrawn into the body. 

Foot, The muscular foot is well developed and broad. At the anterior end 
it is bluntly rounded and, ns noted, separated from the head by a transverse 
groove. Posteriorly it narrows off and terminates in a blunt point. 
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RhinophareB, The two rhinophores lie fairly close together, dorsally, just 
behind the oral tentacles and nearer to them than to the slit between the 
pleuropodia. Their extremities are grooved postero-laterally, but they are 
not so dilated as in some members of the genus. 

Gill or Ctenidimn. The gill is composed of a single himellated plume with 
the lamelhe lying longitudinally, and it runs more or less transversely across 
the animal. 

Sh(4l. The shell was very small, calcareous, and aj)parently trapezoidal, but 
was too crushed to allow of accurate description. 

Labial Armature. The labial armature, if present ai all, is only very feebly 
developed. 

Radula. The radula is not large, but the teeth are v%(dl developed. The 
total number of rows is 31. The tir^t row consisted of 2 (i.e.. 1. 1.0), the 
fifth row of 27 (/. e., 13. 1. 13), and the twenty-fourth of 57 (/. c., 2i!). 1. 28). 
The rachidial tooth has a broad trapezoidal liasal plate, which is incurved on 
both its anUnior and posterior edges. The blade consists of a median spine 
bearing two tiny laterals, and four smaller but almost equally developed spines 
lie on each side of this. Tlie basal plate of the inner pleurals is rhomboidal 
with incurving long sides, and the blade consists of four large spines of which 
that nearest the rachis is usually the largest. Further out the spines l)ecome 
extremely large, and the one nearest the rachis much the largest, so that the 
others are borne on its outer side. The outermost ])leurals still have a large 
inner spine, but the next one to it is almost as well developed, and so they 
appear bi&d. 

In general, the teeth are somewhat similar in type to those of Tetin/s, but 
they differ sufficiently to be recognised as of a different genus. 

The genital aperture lies under the mantie-edge well in front of the gill. 
The seminal groove passes forwards to the penis, which is situated just below 
the right ce})halic tentacle. 

The anus opens on the right side of the middle line behind the gill. 

Notes. The two specimeus in the collection were both collected on I’elsart 
Island. 

They do not appear to be referable to any previously described forms, and 
so have been recorded here as a new species with the name J hlabrifera 
pelsartensis from the island on which they were taken. 


(3) lECIIBBANCEIATA ITOTASPIDEA Fischer, 1884. 

The mantle is well developed and covers the whole dorsal surface. It 
contains a somewhat small concave lamellar shell within a large palliul cavity. 
The shell may be absent or may itself be hidden by an external shell. The 
oral veil is marked and carries two dorsal tentacles (rhinophores). The gills 
are pinnate and situated laterally on the right side of tlie body. 
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Family PLBUEOBRANCllID^. 

The Pleiirobrancliidm have not the large head-sheath o£ the Bnllidae nor 
the large parapodia of the Tethyidm. They have a well-developed oral veil 
on a head marked ofE from the body. The oral tentacles are only moderately 
developed and cleft ; the rhinophores are usnally considerably larger and 
are deeply cleft longitudinally. The back is covered with a thick or a thin 
mantle and this generally projects freely over the head anteriorly and over 
the tail posteriorly. Within the mantle is a more or less large shell (absent, 
however, in PleurohrancJicea and Oscaniopsis). A single (in Oscanius double) 
genital aperture lies at the front end of the right side of the body. Above 
or below this, but still anterior to the gill, is a prebraiichial opening or papilla 
leading into a sac. The gill is frequently tripinnate, and below it lies the 
urinary aperture. At the liinder end of the strand of tissue attaching the 
gill (the gill mesentery) lies the anus (in Pleitrohraucluvu it is above 
the strand). The foot is moderately large and overhung by the mantle 
(save in l^leuroltranchcca^ where it passes over inlo the siile and hack of the 
body). The sole of the tail-region of the foot often bears a gland. 

Genus Berthella Blainville, Man. de Mai. et Couch. 182t5, [). 460. 

Type by uiouotypy : B.porom Blainville, iltiiL^(Bulta) plnmula 
Montagu, Testacea Brit. i. 1803, p. 214, }»l. l.>. iig. i). 

Type, therefore, B, pluniula (Mont.). 

Synonyiay : (^^leanthus Jjeack, Synop. Moll. Gt. Brit. 185:?, p. 

(pLEuaoBRAMCHUS {pttrs) Bergh, Malak. UnteiH. J898, p. 117. 

The shell is haliotidiform, fairly tough, and shows lines of growth and also 
longitudinal striae which, while faint, are nevertheless clearly visible. It is 
of a translucent amber-yellow colour. 

The animal is plump and oblong ; ihe mantle covers the whole body, its 
margin is entire, its front and hinder ends rounded, and it is separated from 
the foot by a deep groove. The gill is bipinnato and of moderate size. The 
two dorsal tentacles or rhinophores are inserted side by side between the 
mantle and the oral veil, and are auriform and deeply cleft. The foot is 
truncated anteriorly and bluntly rounded posteriorly where it projects 
slightly beyond the mantle. The labial armature is composed of two plates, 
each built up of a large number of irregularly arranged close-fitting spine- 
like pieces of chitin. The radula is well developed, without a raehidial 
tooth and the numerous pleural teeth have the form of knife-like blades 
bearing denticles at their distal extremities. 

Species Berthella plumula (Montagu), Test. Brit. i. 1803, p. 214. (PI. 20. 
figs. 29 & 30.) 

Body. Tlie body is an elongated oval and slightly flattened. The mantle 
is well developed and overhangs the body all round, save for a narrow strip at 
the liinder end. The oral veil also projects in front of the mantle. 
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Colour. The colour o£ tlie preserved specimen is a translucent yellow-grey, 
and Professor Dakin informs me that, in life, it was of a uniform dull yellow 
colour. 

Dimendons. The preserved example measured 22 mm. long by 14 wide 
and 9 mm. high. 

lIea<L The head is flattened and covered by the forward extension of the 
mantle. It bears a strongly developed oral veil, and this is continued out 
laterally into two short triangular expansions, which represent the oral 
tentacles and are deeply cleft along their lower outer edge. The mouth is 
a round opening under the head, and bet«vecn it and the anterior extension 
of the foot. 

Foot, The foot is well developed, and, although fairly broad, it is overhung 
along the sides of the mantle, but probably the posterior end is free during 
locomotion. The anterior end is abruptly rounded and carried on beyond 
the mouth as a shallow flange, and the. posterior end is bluntly pointed. 

/ihinophores. The rhinophores are well-developed cyliiidrico-conical 
structures lying under the front end of the mantle at the hinder dorsal region 
of the head. They arise practically touching one another in the middle line, 
but diverg<‘ slightly as they jiass forwards and liiey are deeply silicate on 
their outer margin^. Just behind the base of each u well-marked, dull black 
eye-spot shows through the skin of the neck. 

(iilL The gill ih situated well forward on the right side of the body under 
the mantle. It is attached at the front or basal end and passes backwards as 
an elongated pyramidal structure, bearing about 24 lanielhc on each side of 
a smooth rachis. 

ibhell. The shell was, unfortunately, too damageil to admit of accurate 
description, but it appears to be very similar to that of J3ertlietla [P/earo- 
hranchas^ plamula as described and figured by various authors. 

Lahial Arnuitimu The labial armature consists of two oblong plates 
measuring 3 miii. long by 1*5 mm. wide. They are of a horn-brown colour 
and are composed of tooth-like elements. Each consists of a lanceolate 
flattened blade coming to a single, sharp, non-denticulate point, and bears, 
some way dow'ii on each side, a blunt triangular process, but these two 
projections are not opposite to one another. The eleimmts agree with those 
figured by Bergh (27) and Vayssicre (75). 

Hadida, When flattened on a slide the pale yellow radula measured 4 mm. 
by 2 mm. It has no rachidial teeth and the pleural teeth are arranged in 
78-82 rows ; a typical row contains 280-290 teeth and the formula is 
(140-145) . 0 .(140-145), The teeth increase in size from the rachis out- 
wards, reaching their maximum well beyond the middle line ; they then 
decrease slightly, but the outermost teeth, although slender, are still longer 
than the innermost. All the teeth are of very similar shape and stand 
practically upright. They have a small base, from which comes off a long 
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thin curved spine like the blade of a knife. At its distal extremity it bears 
a set of saw-like denticnlations on one side, over about one-third or one-halt 
its length. These vary in number from tooth to tooth from 7-14 and are of 
different sizes on the same tooth. 

The genital and prebranchial apertures lie immediately in front of and 
below the insertion of the gill. The anus is situated just at the liinder end 
of tlie gill-mesentery. 

Notes. This species is represented in the collection by a single specimen 
from Sandy Island. 

Cheesman (SO) has described a form, Pleurobranchus (perhaps lierthella) 
onmtvs^ from New Zealand, hut it differs from the animal hero described 
in having brownish mottlings on the back and dark brown rhinophores. 
Unfortunately, details of the radulaand labial armature arc not given. 

According to Bergh (27) the radula of h. \^PIeurobranvhiis'\ plamula has 
100 rows of teeth 150 in a row, or, again (26), the radula is stated to contain 
120 rows with about 220 in the row, but it is not clear whether the 150 and 
220 in these descriptions refer to the number of pleural teeth on one side of 
the radula or on both. Vayssi^re (75), however, while he does not state the 
number of rows in the radula, gives the formula as 140-155 . 155-140, which 
agrees quite closely with that of the present specimen. The form of th<* 
teeth also falls within the limits of the variations figured by different authors 
for this species. The radula, therefore, appears to be somewhat variable in 
constitution. 

The labial armature, as a whole and in its individual elements, and also the 
shell, as noted above, agree with previous descriptions. It would appear, 
then, that the present specimen belongs to the species B. phimnla^ although, 
if the agreement were not so dose, I should hesitate to refer it to that species 
on account of its locality. B. plmnula^ however, hud previously been 
recorded from Norway, Great Britain, France, Portugal, the Azores, tlie 
Meditermuean, and Lower (California, so that it is of wide distribution. 


Sub-order ASOOGLOSSA Bergli, 1876. 

(Saccoglossa von Jhering, 1876; Elysiomorpha Pelseneer.) 

Branchias or gills are absent or poorly developed. No shell is |>resent. 
The pharynx is mainly adapted for sucking and does not possess jaws. The 
radula is short, uniseriate, and has teeth of a characteristic shape, which, when 
no longer required, are passed down into a sac or ascus lying at the base of 
the pharynx. The central nervous system is composed of 6 or 7 ganglia 
massed around the oosophagus. The otocysts contain only a single otolith. 
Two seminal vesicles are usually present. The penis is often armed with a 
spine. 
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Family PLACOBHANCHIU.^:. 

The head is flattened, and passes over laterally into short leaf- or ear-shaped 
tentacles, which have their lateral margins rolled. The two closely set eyes 
show through the skin of the neck. The body is much flattened and its sides 
or man tie-folds expanded into wing-like flaps (these are not epipodial 
developments as in , wdiich are usually held up over the body. Behind 

the neck is a noticeable swelling, the pericardial swelling containing the 
pericardial cavity and the kidney, and at the right side of this lies the anus. 
The dorsal surface of both body and lateral expansions generally bears a series 
of low longitudinal folds or lainellm. The foot is not sharply marked ofl:‘ 
from the body, its edge projects very slightly, and often its anterior end is 
bilabiate. 

There are no jaws ; the radula is short, uni.seriate, and has large teeth. 
These, when worn, are shed into the inferior radula-.sac. The stomach is 
short and sac-shaped. The hermaphrotiite gland is not di.screte, but in the 
form of isolated follicles. The penis is protrusible and armed with a curved 
spine. 


Genus rLACOBUANCiics van Hasselt, Alg. Koust en Letter-Boile, 
lti24, 1. Ueel, no. *1, p. 34. 

Type by mouotypy, l\ ocellatas v. Mass. 

The heatl is Hatiened, with a broad front, which bear> on each sid<? a short 
leaf-like or auriform tentacle whose side-margin is rolleil. Two eyes, set 
close together, lie on the neck. The body in much depressed and bears two 
wdng-like lateral expansions ; these are mantle-lob« s belonging to the body 
and not epij)odial appendage.** as in Tetiu/s : they are usually turned up over 
the body. Behind the neck is a fairly large pericardial swelling, on the 
right side of which lies the anal aperture. The upper surface of the body 
and the maiitle-lobes bear numerous, longitudinal, parallel, low i'olds. The 
double genital aperture lies behind the right tentacle. The foot is not 
distinctly marked off from the body, anteriorly it is divided by a transverse 
groove into two equi-sized lips. 

The bulbus pharyngeus is much as in Phvllobranchia. The radula is 
short and uuiseriate, the teeth are large and persistent and passed on into 
an inferior sac. The penis is armed with curved spines. 

Species Placobranohus expansa, sp. nov. (PI. 27 . fig. 4 ; PI. 29 . figs. 31 - 34 .) 

Body, The body of this form is extremely flat and somewhat elongated. 
It passes out without a sharp line of demarcation into the enormously developed 
mantle-lobes which project, as leaf-like expansions, many times the width of 
the body and are continuous behind with the ])Osterior end of the body. The 
whole animal presents the appearance of a flat leaf slightly thickened in the 
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middle anterior region. It is usual in this genus for the mantle-folds to be 
folded over the dorsum, but there was no suggestion of this in the present 
species. Indeed, these lobes are much more developed than in other members 
of the genus and if folded would far more than overlap. Also their antero- 
lateral corner projects well in front of the head, so giving the animal a 
characteristic appearance not found in other members of the genus. 

Colour, The colour of the preserved specimen is a light brownish fawn 
with a large number of tiny black spots scattered irregularly all over it, and 
the mantle-margin is bordered all round with a black line about 1 mm. wide. 
Professor Dakin informs me that in life the colour was more of a greenish 
fawn with the black markings as in the preserved specimen. 

Dimensions, The length along the middle line was 23 mm., but the antero- 
median corners of the mantle projected about 1*5 min. in front of this. 
Width across the widest point was 21*5 mm. 

Head, The head is flattened and abruptly rounded at the anterior end. 
On each side is a flattened auriculato tentacle rolled at the lateral margin. 
In the specimen the head was somewhat retracted. 

Foot, The foot is practically indistinguishable, being represented simply 
by the thickening in the antero-mediau line on the ventral side. It is so 
reduced that it suggests that the animal was incapable of creeping. 

Branchifv, None. 

Radula, The raduhi is short and uniseriate ; it contains 12-14 teeth. The 
tooth has an oblong base with rounded corners, and the up[)er portion is 
carried on as u long, stout, slightly curved, non-deuticulate, almost coiiicuil 
spine. The bases of the teeth are closely approximated, so that each spine 
overlaps the whole of the/baso of the tooth immediately in front of it, and 
about half the next also. The spines lie down upon the succeeding tooth, 
which is slightly hollowed to receive them, save in the front tooth, which is 
almost upright and appears to be the only one in use. 

The dental sac contained twenty or more discarded teeth. Some of these 
are quite small, not a quarter of the length of that in use, so that it would 
appear that they are carried for a relatively long period of time. 

Notes, But one specimen is represented in the collection, obtained from 
the shore of Wooded Island. 

While it is here referred to the genus Placobranrhvs, it is, as noted above, 
different from the previously described members of the genus in the following 
points : — 

(1) It has non-denticulate teeth. (2) It has a relatively much greater 
extension of the mantle-lobes. (3) It has forward extensions of these lobes. 
Bather than make a new genus, however, it is included here, since in other 
points it agrees closely with the previously known members. 

The large expansions of the mantle and almost total lack of a foot rather 
suggest that it may be a swimming form. The name P. empansa is here 
suggested to call attention to the large mantle-lobes. 
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Sub-order NUDIBRANCHIATA Cuvier, 1817. 

Nndibraiichs are marine hermaphrodkie Opisthobranchiata without 
ctenidium and o^sphradiuin, and in the adult state >vithout a shell. The larva, 
however, has a shell and operculum. The visceral mass is not marked off 
from the Foot; the body show's <*.onipleto or approximate external symmetry 
and usually bears plumes or other appendages w'hich assist resjii ration. The 
nervous system is concentrated in a collar behind tlie buccal bulb, and the 
chief ganglia are jdaced on the dorsal surface of the msophagus, being often 
partially united and sometimes fused into a single mass. The vas deferens 
is always an internal tube, never an external groove. The teeth, when used, 
are discharged from the body and not retained in a sac. Among the common, 
but not universal, characteristics of the Nudibranchiata are also the 
following : — (1) The dorsal tentacles or rhinophores arc often laminaled and 
retractile, features not recorded in any other group. (2) The kidney is 
rar(dy compact, but usually a syst^‘m of ramitied tubes. (S) The genitalia are 
often extremelv comj)licated, both in their essential plan and also owing to the 
presence of accessory glands and armatures. Besides this, the various sub- 
divisions show rtMnarkable peculiarities of their own, such as the ramification 
of the digestive organs, the reduction of the teeth to a single row, and the 
presence of nematocysts. 

The classification of the Nudibrancdiiata here adopted is essentially that of 
Eliot (40) with the follow ing four main differences : — (1 ) The Ascoglossa have 
been removed and treatetl separately for reasons noted in the introduction 
pjliot\s family-names Doridida Cryptohranchiata and Doridida Fhanero- 
branchiata, being binomial, cannot strictly be used, as the family must have a 
single name derived from that of its oldest and typical genus. Moreover, both 
these terms include a number of groups of forms, which, For the present at any 
rate, would a])pear to be more conveniently handled se[»arately. It must be 
confessed that the classification of both these assemblages stiinds in need of 
fui*tber revision, a task outside the scope of the present work. (2) For the 
reasons just given the group Doridida Cryptobranebiata has been sub-divided 
into smaller families, whoso limits correspond wdth the sbuilarly named siib- 
familios as given by Borgh in his 'System der Nudibranchiaten Gastero- 
poden' in 1892. In certain cases the laws of priority have necessitated a 
change of name. (3) Eliot’s four divisions of the Doridida Pbanerobranchiata 
have been regarded as independent families. (4) Investigation of the synonyms 
of various species has revealed the fact that certain names are incorrectly 
applied, as was pointed out previously. These have been rectified by the 
alteration of the names in the cases that appear to admit of no doubt, and such 
a change sometimes involves both the names of the genus and the family, even 
though the limits of these groups have not been altered. 

The sub-order is divided into two Tribes (A. Eolohepatica and B. Clado- 
bepatica), a separation dependent in jthe main, as the terms imply, upon 
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whether the liver remains in one compact mass or is split up and branched. 
The two groups defined in this way, however, are separated by other 
associated anatomical differences, that indicate clearly a wider gap between 
them than is perliaps suggested by the mere condition of the liver. 

Tribe A. Holohepatica. 

Nudibranchs in which the liver forms a compact mass, neither branched 
nor divided, and usually accompanied by the following characters. There is 
complete external symmetry ; the vent usually lies in the mid-dorsal line and 
is surrounded by a circle of branchial plumes ; the radula is of moderate or 
considerable width, save in the family Dendrodorida^ (Doriopsidaj) ; mandibles 
are rare ; the hermaphrodite gland is usually spread ovct Ihe li\er as a layer, 
but sometimes forms a dis<;rote mass ; as a rule, the genital ducts are 
triaulic and therQ are two receptacula seminis. 

Family DUVAUCELIID.E (Tkitonudje). 

The branchisB consist of tufts set along the mantle-region or occasionally 
they may be absent altogether. 

Grenus SPHiEROSTOMA Macgill. Hist. Moll. Ani?n. Aberdeen, etc. (1843). 

Type by monotypy : S, Jamesonii Macgill. = T. homhergii Cuvier, 1803. 

Type : S. homhergii ((/uvier). 

Synonymy: Tuitonia Cuvier, Tabl. £l6m. Hist, Nat. 1798, p. 387, andt, 

Nkchomantrs Cistel, Natur. des Tierr. f. Schiilen, 1848, p. xi. 

1/iBioPE Cistel, „ „ „ 1846, p. 171. 

The body is limaciforni^ but somewhat rectangular in outline, except at the 
end, where it tapers to a short tail. The foot is broad. Over the mouth is an 
oral veil bearing two grooved tentacles at tbe ends, and in the middle 
tubercles or processes. The rhinopbores are retractile into raised sheaths ; 
they are not perfoliate, but surrounded by a few plumes. The dorsal margin is 
slightly prominent, and bears a single row of branchial tufts which are more 
or less arborescent. Anal and renal openings lie on the right side. The jaws 
are large, with several rows of denticles or prominences near the edge. The 
radula varies greatly in size in tbe different species, but always consists of a 
broadish central tooth with a moderate or large number of laterals which are 
usually simply hamate. The first lateral is usually larger than tbe others, 
and somewhat clumsily shaped. The liver is not divided and sends off no 
branches to the gills. There is no armature either in the stomach or on the 
genitalia. The liermaphrodite gland forms a layer over the liver {Eliot). 

It will be noted that the name of tbe family is changed from Tritoniidae 
Cuvier, as this name is preoccupied, and Duvauceliidse substituted. Tritonin 
Cuvier being preocoopird lias to be replaced by Spheerostoma Macgillivray^ 
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1843. JDnvancelia Risso, 1826, has to replace Candiella Gray, 1853^ as the 
valid iinine for this genus, and thus the oldest generic name in the family 
becomes Duvaurdia^ from which the Eamily-iiame is derived. The matter has 
been fully dealt with by Tredale and O’Donoghue (61a, p. 229), and is again 
referred to under the Family Euphuridse (Polyceridaj). 

Species Sphjcrostoma dakini, sp. nov. (PI. 27. fig. 5 ; Pi. 29. figs. 35-40.) 

Bixlt/, The body is oblong, limaciform,and like a typical Sphnrostoma. It 
is moderately high, the back flat, an<l tlmro is a slight pallia! extension along 
the edges of the back in the lino of the branchial plumes. The dorsum passes 
forward and out as a well-marked, strongly bilobed, oral veil, which bears 
about six or sovon dendriform processes on each side of the middle lino. The 
short tentacle at each lateral margin of the veil is grooved throughout its 
length upon the ventral side. 

Colour. In the preserved condition some of the specimens were of a dull 
grey colour, and some of the same general colour but plentifully marbled 
with dark brown. Professor Dakin informs me that the living animal is of 
a dirty pinkish colour with brown markings. 

dimensions. The specimens varied somewhat in size, and the largest 
measured 88 inin. long by 25 mm. wide and 25 mm. high. The lateral 
margins of the oral veil project about 15 mm. 

Head. The head is sub-globose, distinct, but not projecting, and the mouth 
is in the form of a longitudinal cleft. It is completely oyerliung by the 
bilobed oral veil. 

Foot. The foot is of moderate width and of the same length as the body. 
At the front end it is bilabiate, and posteriorly it passes b;ick to a blunt point. 

IHiinophores. The rhiuophores are retractile within short, stout, cylindrical 
sheaths. Tliis sheath is provided with a funnel-shaped collar with a wavy 
edge and a deep cleft on its antero-lateral side. The clavus bears a ring of 
six simply pinnae plumes, the most anterior is quite small, the most 
posterior is much larger than the others and is continued upwards as a bluntly 
rounded projecting cylinder. 

IJranrhift'. The branchife are in the form of a series of dendritic tufts along 
the side of the dorsum. They are paired and decrease in size as they pass 
backwards; the anterior plumes arc attached by a wide long sttilk and quite 
distinct from one another, but at the posterior end the stalks are shorter and 
closer together, so that they form a more or less continuous group. About 
ten large distinct plumes are present on each side, and a terminal group 
composed of from 3-5 smaller branchiae. They are of the same colour as the 
body of the animal. 

Radula. As in all the Duvauceliidse the pharyngeal complex is very large 
and the radula very well developed. The total number of rows in the 
radula is 65-67 and the number of teeth in u row — in the first row 9 (t\ e.. 
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3 . 1 . 1 . 1 . 3) ; in the tenth row 81 (t. ^.,39.1.1.1. 39), and in the sixteenth 
row about 273 (i. e., circa 135. 1.1.1. 1.35). When removed and flattened on 
the slide the radula measured 31 inm. along the middle line by 12 trim, at 
its widest point. The basal plate of the rachidial tooth is tipproxiinatcly 
rectangular, and the blade consists of three large spines, of which the 
median is the largest, the most pointed, and it projects well in front of the 
anterior margin of the basal plate. The lateral spines are blunt and much 
shorter. The first pleural tooth has a roughly rectangular base, but it is 
very irregular and it bears a single blunt and irregular spine. The remaining 
pleural teeth are all of a simple hamate form : they increase in size as they 
pass outwards, reaching their maximum between the 90th-l20tli, and then 
they decrease rapidly to the margin. 

./aw. The jaw, as is usual in the family, is very large and strong. Its 
most prominent feature is the series of serrations that mark its cutting-edge. 
They are quite small at the upper anterior cntl near the cr/sta ronnectira, 
where they first appear as the continuation of a wavy raised ritlge, but 
tliey increase noticeably in size as they pass backwards. On the processits 
mastimtorius they are quite large, nearly 1 mm. high and easily discernible 
with the naked eye. The denticles are deep brown in colour, and appear to 
be inserted into a lighter-coloured ridge. The well-developed jaws measure 
18 mm. long by 4*5 mm. at their widest point, and arc of a deep born-brown 
passing off almost to black near the cutting-edge. They are somewhat 
narrower than in other species of the genus, and perhaps more wniely 
divergent at their posterior ends. 

The genital aperture is situated about halfway up on the right side near 
the level of the second bratichial plume. The penis is short, conical, and 
unarmed. 

The anal papilla lies just behind the third branchial plume, high up on 
the right side of the body. 

Notes. There are five specimens of this species in the collection ; three 
with brown mottlings and two quite grey — none with closer hwality given 
than Abrolhos. 

However, it is almost certainly the animal referred to by Professor Dakin 
in his report (32, p. 170) as coming from AVooded Island*, since his remarks 
can apply to no other form in the collection, and the long branchise do give 
it a spurious resemblance to Dendronotus. He says, “Another animal which 
was extraordinarily abundant on this little stretch of Lagoon flat (only on 
the margin) was a large and beautiful nudibranch, almost certainly new 
and allied probably to Dendronottis. The singularity of its occurrence is 
accentuated by the fact that, notwithstanding its abundance here, not a 
specimen was captured anywhere else at the Abrolhos, and on onr second 
visit in 1915 it was just as common at this place as two years before.’^ 

* [This observation is quite correct. — W. J, D. j 



560 


VBOF. 0. H. O^DONOOHTTE: BKPOBT ON 


of teeth iu h row : — in the first row 25. 0. 25 (t. f., 50) ; in the tenth 
row (117-120). 0. (117-120), i.e. (284-240); and in the seventeenth row 
(130-135).0,(130-135),/.^. (260-270). There is no rachidial tooth. The 
inner teeth are in the Form of an obloii^ base bearing a short curved spine. 
They inereaso noticeably in size to beyond the middle of the row, where they 
are hamate with a bluntly pointed corner in the middle of the back. At the 
outer edge they become somewhat more triangular in side-view, and the last 
5-6 have a small rounded denticle near the apex of the spine. 

The prominent genital aperture lies on the right side about a quarter of 
the length of the body from the anterior end and high up beneath the narrow 
mantle. 

Xntes, This species is represented by two specimens. The larger one taken 
from near Fremantle and the smaller from the Abrolhos Islands. The 
latter is interesting, because it hears the parasitic eopepods described later. 

The type-specimen in the British Museum described by Abraham (1) has 
for its locality simply Australia, it was record<‘d l)y the same author from 
West Australia as <', ohlonoufn, Basedow and Hedley report it from 
Sydney Harbour. New South Wales ; St. Vincent Gulf, South Australia, 
20 fins.: Antechamber Bay, Kangaroo Islands, 20 fms. (?) ; Port Noarhinga, 
low water, and Salt (’reck Bay, Yorke Peninsula*. 

Family I)ENDROI)()EIDlD/E (Doutopsida:). 

The body is nearly always .soft and the general shape mucli as in 
Archidoridida*. The mouth is in the form of a small pore ; the tentacles arc 
small aihl partly a<lherent ; the rhinophores and branchia* are very similar to 
Archidoridid/e. The noticum is smooth or tuherculate ; the pallial margin is 
well developed and often with an umlulating margin. Tlu‘ foot is broad and 
much as in Arebidorididm. 

The hiiccal tube is simple and non-glandular. The Bulhus pliaryngeus is 
suctorial, elongated, cylindrical, and ilestitute of mandibles or radula. The 
end of the liver is deeply notched. 

The penis is armed witli a series of hooks. 

Genus Denduodouis JShreiiberg, Symb, Phy.s. 1831 
[unpaged, but on p. 1)4], 

Type by subsequent designation: D. luyuhris Ehrenb. ; vide Gray, 

Proc. Zool. Soc. Lond. 1847, p. 164. 

Synonymy: Doric psis Pease, Prot*. Zool. Soc. 1-iond. 18(;0, p. 3’2. 

Type by monotypy, D, granulosa Pease. 

Kachodoius Mdrch, Jour, de Conch. 3rd ser. iii, 1863, p. 34. 

Type by original designation, D. laciniata “ Ouv.,** amt. 


• [It was found later by me at Albany, King George Sound, on the South Coast of Western 

Australia. It has thus a wide southern range with northern extension. — W. J. Dakin.] 
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fold, which ifi roundod at the anterior end, much wider posteriorly, and 
terminates in a median tongue-shaped projection. The dorsum and sides oF 
the body are quite smootli. 

Colour, The colour oC the preserved specimen is a uniform dull yellowish 
brown. Basedow and Ilodley (8, p. 14ii) give a full account of iis (^oloration 
and some excellent figures (8, pi. i.>, and Professor Dakin informs me that 
the present specimens agree with them. The general colour is shaded pinkish 
buff and pinkish brown ; the <larker colour is more prevalent iowurds the 
inargiii. Along the margin of the dorsum are a series of light areas, each of 
which has a violot-pur))lo spot siirronnded by a ring of reddish purple. The 
mid-florsul region is strewn with scattertMl circular spots of a light violet- 
purple colour, in some cases sarrounde<l l>y a rim of light yellow, and some 
of tli<*se lie in front of the rhinophores. The postero-median projection of the 
dorsum is co\ered with a network of brown line^*. *The sides of the body are 
similarly coloured to the dorsum, and have a number of small spots approxi- 
mately arranged in three hands : — the upper and lower are of a rich purple 
and the median spots of a light violet-purple. The rhinophores and the 
branchito are of a rich reddi'^h-oraiige colour. 

J>imt»nsionn, The larger specimen, preserved in spirit, measured : 02 mm. 
along the foot from the tip of the tail to the front end ; breadth of the body at 
the widest part 22 mm. ; height of the body 26 mm. ; breailth of the dorstim 
and mantle at the anterior end 22 mm.; at the |>osterior end 36 mm.; 
length of tail on dorsal side from the cud of dorsum to tip 3tS mm. Basedow 
and IledleyVs measurements are "^length lll,br€»adth 25, height 31 mm.,” 
so that, allowing for ‘'hrinkage, the present specimen was almost the sAme 
size. 

Head, The head is small and inconspicuous, and is completely overhung by 
the anterior end of the mantle. The mouth is small and in the form of a 
longitudinal slit running vertically- On each side of the mouth is a short 
sul)-conical oral tentacle, which <*an ho retracted into a sort of shallow pit. 

Foot, The foot is linear, roundo<l at the anterior (snd, passes off to a blunt 
point posteriorly, and its margin is wavy. 

Phuxophoees, Th(‘ club-shaped rhinophores are perfoliate, and the elavus, 
wliich is a little more than half the total length, bears a number of closely 
packed leaves. Bach is completely retractile wdthin a cavity, which has the 
margin of its aperture slightly elevated. 

Braxichias, The branchial plumes are twelve in number and incompletely 
surround the anal cone. The bases of the plumes show a marked tendency 
to fusion, and the posterior five on each side almost appear to arise from one 
ridge. Each plume is somewhat dendritic in arrangement. 

They are all retractile together with the anus within a cavity that has the 
margin produced into a short tube. 

Radula, The radula is strong and when removed and flattened measured 
X2 mm, by 9*5 mm. Tbo number of rows of teeth is 74—76 and the number 
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liaro beon wholly brown.’^ This agrees^ closely with my own observations, 
and the peeling oE the epidermis is also similar. The radula formula is 
given as 60 . 0 . 60, and the total number oE rows 23 ; this is not quite the 
same, but the teeth are apparently identical. He says, Eurther, “oral 
tentacles white ; large, flat, and distinctly grooved.” This is not at all in 
agreement wdth the present specimens^ and, indeed, is not found in other 
members of the genus. EliotV form from its teeth and other Eeatures 
undoubtedly is reEerable to this genus, and I am inclined to think that this 
description of the tentacles is not quite accurate. 

In spite of this one serious discre{)ancy, the present forms agree so closely 
with the description of .1. affims given by Eliot, that I tliink it safer to refer 
thorn to that species than give them a new specific name. 

Oeniis Oeratosoma Adams & Reeve, Voyage of® Samarang,’ 1848, p. 67. 

Type by nionotyj)y : C. eornitjerium^ Adams & Reeve, idem^ p. 68. 

Species (h^riATOsoMA BREvroACTDATUM AbrahaTu, Ann. & Mag. Nat. Hist. (4) 
xviii. p. 142, pi. 8. fig. 6 (1876). ('PI. 28. fig. 14 ; PI. 30. 

figs. 57-59.) 

SytiQiiyiu : C, ohlouf/tim Abraham, /. c, p. 143, pi. 7. figs. 7, 7 «, 7 ft. 

Bergh (25) suggests that C, caledonicum Fischer, C, tenve Abraliam, 
and r. ohlonfftftn Abraham are all synonyms of (\ hrerimndattau Abraham, 
Basedow and Iledley (8, p. 154) call attention to the following : — in thecaso 
of i\ caledonicum. Fisc*h(‘Fs des<;ription indicates an animal with the lobes of 
the notieum more developed, and the colonr-schome in the. two forms is 
entirely clifferent. This being so, it seems undesirable to merge the two into 
one species without further evidence. The same two authors suggest that the 
dilferences l)etween ( \ brevicaudatum and 6’. oblongum arc due to the amount 
of contraction undergone upon or before prt'servation, and state that they 
have obtained examples of tliis spe<*ies exhibiting similar difreren<?es from the 
.same dredging. An eNamination of the external <jliaracters of the original 
specimens desciibed by Abraham, an<l preserved in the British Museum, leads 
me to think that they are probably right, and that C, obloriffum is to he 
regarded as synonym of < '. brariran datum. I have also examined the original 
exam]>le of C. iemie described by Abraliam, ami, while it is possible that it 
may also be a synonym, it is somewhat difterent in appearance, and it is 
probably bettei- — for the present, at any rate — to keep it separate, as has been 
done by Basedow and Iledley. 

The specimens here described agree closely with the original description 
given by Abraham and tliat furnished by Basedow and Hedloy, and are 
undoubtedly referable to C. fn'ericaudatnm. 

Body. The body is large, elongated, slightly wider in the middle than at 
the two ends, and it increases in height from before backwards to the middle 
or just beyond. The sides are high, almost vertical, and practically parallel. 
The back is flattened and continued out into a narrow undulating mantle- 
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Colour* The body-colour in the preserved state is of a pale yellowish grey, 
in two specimens with a deeper yellowish-brown narrow line around the edge 
o£ the notssuni and the foot. In places this line bears still darker dots. In 
a third specimen the anterior end of the sides of the body, the notseum in 
front of the rJiinophores and behind the branchial aperture, and the dorsal 
region of the tail are of an umber-brown covered with dark spots. The 
largest specimen has this coloration still more strongly developed, and the 
whole of the notmnm, body, and foot is of the same umber-brown covered with 
dark irregular spots, and the anterior region of the notseum is oE a very dark 
brown, almost black. Professor Dakin informs me that the living animals 
were similarly coloured, but the brown somewhat warmer. 

Dimensions Tlie largest (and darkest) specimen measured 24 mm. long by 
13 mm. wide and 12 niin. high, but this is somewhat distorted. Three others 
were more or less of a size, and measured 20 mm. long by 9*5 mm. wide and 
9 mm. high. 

Dead. The head is small and inconspicuoiis ; it bears a short snb-cylindrical 
tentacle on each side, between which the mouth a})pears as a small circular 
aperture. Kach tentacle bears a longitudinal groove on its under surface. 

Foot. The foot is moderately broad and its sides fairly paralhd. The 
front end is abruptly rounded and the hinder end passes off to a point. 

lihinophores. Th<5 rhinophores have a short cylindrical stalk and sub-conical 
perfoliate elavus. They are completely retractile wdthin cavities, whose rims 
are raised into short dark-coloured tubes. 

Branchiw. The five small, dark-coloured, tripinnate, branchial plumes are 
arranged in almost a complete and very narrow circle. They are retractile 
within a cavity with a circular noii-raised aperture. 

Radida. The radula when removed and flattened measured 3*5 by 2*5 mm. 
It is well developed and has no rachidial tooth. The number of rows is from 
27-28, and the number of teeth in a row is : — in the first row 6 . 0 . 6 (i. e.^ 12) ; 
in the tenth row 42.0.42 (t. <?., 84) ; and in the twentieth row 46.0.40 
(i. 92). The inner teeth are small simple hooks, somewhat angular and 

without denticles. They increase markedly in size and become simple 
carved hooks. Towards the outside they decrease noticeably, and thej-^ turn 
into short hooks only slightly curved. 

The anus lies within the circle of gills at its hinder side. 

The genital aperture lies about halfway up on the side near the anterior 
end of the body. 

Notes. This species was represented by four specimens collected on 

Wooded Island.^’ 

Eliot (38, p. 343) described a form from New Zealand of which lie says, 

Colour dirty white with irregular mottlings of dark reddish brown. The 
epidermis peels off very readily, and it is possible that the brown mottlings 
may have been much more extensive, or even that the dorsal surface may 
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liadula. When removed and flattened the radula measured 5 mm. by 
3'25 mm. and was large and well developed for the size of the animal. The 
total number of rows in the radula was 83-85, and the number of teeth in 
each row : — in the first row 20.0. 20 (i. 40) ; in the tenth row 72.0.72 

(i. e.t i 44) : and in the eightieth row 76 . 0 . 76 (/. e., 152). There is no rachidial 
tooth. The innermost teeth are small but stout, and consist of an elongated 
base with a marked hook, on the sido of which area series of from 4-6 small 
triangular tlenticles. 'fhe teeth increase in size as they pass outwards and 
the hook becomes larger, hearing on its inner curved edge a series of 6-8 
denticles and terminating in a iounde<i ])oint. The outermost teeth are 
slightly smaller than those nearer the middle of the row. They have their 
bases much smaller, and the denticles are reduced to one or two blunt pro- 
jections near the end. 

The genital aperrure is placed high up on the anterior end of the right 
side of the body. 

Aoies. In all there were -ix specimens in the collection ; three were from 
the Abrolhos Islands with no further details ; two were from the shore of 
Wooded Isle, one of which ha<l the pharynx exserted ; one was from the 
shore of Long Island, and this was very dark in colour. 

It docs not appear to correspond with any previously de.scribed form. 

Genus Aphelodorts Bergh, Malakozool. Bliitt. I87ib p. 107. 

Type* by monotypy : A. antillensU Bergh, idid, p. 108. 

In outw^ard appearance these fornus very closely resemble the Glossodorids, 
and have a well-developed notseum beyond \>hicb the tail projects. The 
iiiantle-i*dgc only projects a very short way. The foot is fairly small, rounded 
in front, and not very sharply marked off tn iii the body. The rhinophores as 
in Ulossodoris. Tlie oral tentacles are short and stunted, and have a cleft on 
their underside. The retractile gills arc comimsed of a few (5) tripinnaie 
plumes. The lips are only covered with a moderately thick cuticula. There 
is no rachidial tooth, and the pleural teeth are numerous and hamate. Only 
a posterior blood-gland is present. The prostate is large and the penis 
unarmed. 

Species Apiielodoris affints Eliot, Proc, Malac. Soc. Lond. 1907, p. 343. 
(PI. 27. fig. 10 ; Pi. 30. tigs. 54-56.) 

Uodt/. The shape of the body is typical of the Glossodorids. The notseum 
is a moderately long oval with its long sides approximately parallel and the 
ends equally rounded. It is carried over all round into a narrow pallia! 
ridge. The body is fairly stout and its sides almost upright, running down 
to a moderately wide foot. The lower part of the body extends out beyond 
the notamin as a tail. 
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so that on the outside it obliterates the bine band and on the inside it passes 
across to the other side as a broad band, thus isolating, as it were, two islands 
of the light blue gronnd-colour on the notsenm. Two similar bands of dark 
colour pass back on the dorsal surface of the tail. 

In the preserved specimens ail trace of the orange, red, and bright blue 
colours has disappeared and the whole ground-colour is of a dirty brownish 
fawn ; the dark lines, on the other iiaud, are quite clearly visible. In addition 
to those alreaily noted on the drawing, a narrow dark band passes around 
the sides of the body at the line of junction of the mantle-fold, and near the 
anterior end it loops downwards and backwards. It then passes back 
parallel with its former course, but lower down the sid(3 of the body, as a 
fairly broad streak running out on the dorsal surface of tbe tail as the two 
lines already noted. Under the posterior end of the mantle all these dark 
lines may nnit<' and pass back right to the end of the tail as a single broad 
band. A narrow dark Ijjind runs right around the tipper margin of the foot 
and out to the ti|) of the tail, where it may or may not unite with the lines 
already described. 

The striking and (diaracteristic distribution of these dark lines is fairly 
constant in ail the specimens and shows vrell after preservation. 

Dimensions. The specimens were all about the same size, and measured 
wdieu preserved : — notieum ti) mm. long by 10 inm. wide j foot 22 mim 
long ; body \1'5 mm. wide. 

Head. Tile head is quite small and overhung by the forward extension of 
the mantle. The mouth is a small longitudinal slit, and on each side there 
is a small cylimlrieai tentacle, much contracted in all specimens. 

Foot. The fool is linear and its sides almost parallel. It is rounded and 
bilabiate in front and passes off to a pointed tail posteriorly. The sides of 
the foot ar(^ marked off’ from the body by a marginal ffungo. Judging, from 
the sketch of the living animal, the tail may project beyond the notaeum 
about half the length of the latk^r, but in the preserved specimens it is 
u.sua]ly curled up and hardly projects at all. 

Rhinophores, The rhinophores have a short stalk and a cylindrico-conical 
perfoliate clavus. They are completely retractile within cavities which have 
a sligiitly raised margin. 

BranrliifF, The branchiie are fairly simple and arranged in an almost 
complete circle. The anterior ones are simply pinnate thread-like plumes, 
sometimes tending to be bifid at the distal extremity ; these number nine, 
although there is a tendency to fusion at their bases. At the posterior end 
on each side is a group of four similar, but smaller, plumes more closely 
united at the base, and these when extended may appear as four branches 
from one stalk. 

The anus lies in the middle of the branchial circle. All can be completely 
retracted within a pocket with a circular aperture surrounded by a slightly 
raised margin. 
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genus of its own, often but incorrectly termed Cassella H. & A. Adams, 
1858 (3). 

The fJoniodoris of Forbes, 1840 (43), still remains as a valid genus, and so 
Joes not enter the synonymy, although certain forms originally included in 
it really belong to Glossodoris. 

The body is elongated and rectangular or almost square in transverse 
section. The smooth dorsum is an elongated oval, rounded in front and 
behind, and with its long sides approximately parallel. The mantle projects 
slightly all round and usually forms a frontal and caudal veil. Tlie foot is 
large and continued backwards ns a fairly long pointed tail. The sides of 
the body are vertical. Tin' oral tentacles are small and conical ; the 
retractile rhinophores have a porfoliated clavus. The retractile branchiae 
are composed of simply pinnate leaves. The armature of the labial disc is 
strong and composed of a number of densely-set small hooks bifid at the tip. 
The radula contains no rachidial teeth, but there are frequently thickenings 
which take their place. Tiie lateral teeth arc nameroiis and hook-siiaped ; 
the first lateral tooih is denticulate on both siiles, the rest denticulate only 
upon the external margin ; the outward teeth are smaller, and denticulate 
at thi) extremity. The penis is unarmed. 

(jrl&;f}iodoris resembles fairly rlosoly in general appearance and shape 
(ioniodorist^ but th<3 latter is phuuerobranchiute. It is also much like 
doris^ hut differs in the presence of labial armature, of denticulalo teeth, and 
simply pinnate branchio}. 

Species (rLossunojas vvestraliex.sis, sp. nov. (PI. 27. tigs. 8, i) : PI. 30. 
tigs. 51-53.) 

Body, A coloured sketch liy IVofessor Dakin from the living animal 
shows that its general shape was that of a typical Glossoilorid, but the 
preserved speciiiieiis havo sliruukeu considerably, more particularly in tlic 
tail-region. The noucum is a fairly narrow, Hat oval, equally rounded at each 
end and the sides almost parallel. In the preserved specimens it contracts 
considerably, becoming loss rectangular and more arched. The sides of the 
body pass inwards to a moderately narrow foot and the mantle only projects 
a very short distance. 

Colour, From Professor Dakiii^s sketch the general body-colour appears 
to be a bright blue. The notu^uni is bordered by u narrow band, yellow on the 
inside and orange-red right at the margin. The rhinophores are orange-red 
and the branchite red. On the notmum inside the marginal line is a narrow 
band of blue and then a slightly wider band of deep purple, almost black. 
This deep band passes round in front and lateral to the rhinophores, and may 
or may not enlarge slightly to include the margin of their sheaths. At the 
posterior end it passes round more or less parallel with the margin and 
behind the branchia;. In the middle of the notaeuin the dark band enlarges. 
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Geuas Glosrodqais Ebrenberg, 18S1, Symb» Phya. [unpaged, 

but on p. 92 J. 

Type by sul)sequout designation : xantholeum Ehrenb. Red Sea. 

Gray, Proc. Zool. Soc. Lond. 1847, p. 164. 

But G. xantholeuca Ebrenb.ss pallida ct Leuck., 1828. 

The type is therefore here designated G. pallida (Uiipp. et Leuck.), 1828. 
iSynonym y : Actinodouxs Khrenberg, 1831 . 

Type by luonotypy : A. tspnnaa, Ebreiib. Symb. Phys. [p. 93] ; vide also 
Gray, Proc. Zool. Soc. Lond. J847, p. 184. 

L*TKBonouih Ebrenberg, 1831. 

Type by subsequent designation : P. picta Ebrenb., Gray, Proc. Zool. Soc. 
'Lond. 1847, p. P54. 

Chbomodouis Alder & Hancock, 1865. 

Type by original designation and monotypy : D. niagnijica Quoy et Gaim., 
Alder X: Hancock, Mon. Jlrit. Nud. Moll. pt. vii. 1855, p. xvii. 

Gomiobuanchus Pease, 1886. 

Type by designation : Q, vibrata Pease, Pease, Ainer. Jour. Couch, ii. 
1866, p. i>04. . 

Ckromodons^ the genenilly accepted name for this genus, was introducod 
h\ Alder and Hancock (^vide supra). These authors in a subsequent paper 
(6, p. 115) say : — “The Goniodork ol* Forbes has hitherto been considered a 
northern form — the souttierii species which some authors have referred to.it 
belonging almost without exception to the allied genus Chromodons, which, 
on the other hand, hu.s not been found further north than the Mediterranean.’’ 
The name thus introduced was used by Bergh (11, p. 72), who gives as 
synonyms I >oriprktuatka d’Orbigny and Goniohranchus Pease, and again 
in 18 0.. 1), l)ut this lime with the synonyms Glossodork^ Actinodorisj and 
Fterodorky all of Ehreiiherg, 1831, twenty-four years earlier than Alder and 
Hancock's name. Bergh points out there and again in 1884 (23, p. 65) the 
identity of Ehrenberg’s genera with that of Alder and Hancock, and in this 
he is right. 

Thus, in spite of the common usage of the generic designation Chromodork^ 
there is no doubt that Ehrenherg's names liave considerable priority. The 
question us to which name should be employed is easily settled, for^ while 
they were all published at the same time, Glossodoris comes first in order, 
and the Hrst species is given as G. xantholeum, which Gray ( 44 , p. 164) 
designated as the type-species. Bergh, in a paper where he re-examines 
Ehrenberg^s types, stiites, in our opinion rightly, that G. xantholeuca is the 
I), pallida (Riipp. et Leuck.), and that all species of Glossodoris are con- 
generic. The genus then stands as Glossodoris with the type-species 
G. pallida (Utipp. et Leuck.). 

In various places Bergh includes JJoriprismatica d'Orbigny, 1837 (11), as 
a synonym ; but, while part of d'Orbigny’s genus belongs to the present 
group, the type, D. atroniarginata Cuv., 1804, is in reality a member of a 
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The genital aperture, as usual, lies on the right side of the bodj near the 
anterior end. 

Labial Armature. No labial armature was found. 

Aotes. One specimen only is in the collection, and this was accompanied 
by the locality-label “ Shore of Wooded Isle.’' 

Eliot ( 36 , pp. 30t5-35t>) calls attention to the difficulties encountered when 
trying to determine the position of a Oryptobranchiate Dorid, and in dealing 
with th(5 present form they have come before mo frequently. Bergh’s family 
Dorididae ( Wptobranchiatm is divided into five sub-families and about 30 
genera, practically all of which were created by Bergh himself, and certain 
of them contain only a single species. The differences between some of the 
genera are so slight that, unless Bergh's own species are dealt with, it is 
difficult to determine where to place a new form. There seems no doubt 
that the whole family stands in need of considerable revision before it can be 
regarded as satisfactory. The present specimen agrees closely with the 
genus Asteronotus^ and in general form, and perhaps even colour, somewhat 
resembles the . 1 . hemprichi Ehr. as figured by Eliot ( 36 , pi. xxxiv.), but it 
differs in certain points. The radula formula is different, the individual 
teeth are not quite same, the i)ruuchiae number five, etc. For these reasons 
r have described it as a new species uuder the name of 
fuscus. 


Family OLOSSODOHIDlDJi (Cukomodouuun.e Bergli). 

It has been pointed out above that Bergh’s binomial fainily-nanx^ Dorididee 
Cryptobranchiats cannot [mssibly be allowed to stand. It is proposed, there- 
fore, to split this group into several families, of which one is the same as the 
old (Jhromodoridinsc of Bergli, But, as the name i liromoilnris has to he set 
aside for the older name (jtlossodoris, the family-name must be changed as 
above. 

The body is elongated, compressed, and soft; the colour is striking, often 
magnificent, and generally with lines or spots ; the notamm is nearly always 
smooth, the pallial margin is fairly broad at the anterior and more particu- 
larly at the posterior end, but usually quite narrow in between ; the tentacles 
are small, conical, and generally partly eversible; the branchial plumes are 
usually simply pinnate. 

The labial armuturo is strong and composed of minute rods. The racliis 
of the radula is very narrow^ and often furnished with minute compressed 
pseudo-teeth ; there arc numerous pleural teeth of hamate form atid generally 
with a denticulate margin, the first teeth are usually denticulate on both 
sides. 

There is no proper ventricle. 

The penis is unarmed. 
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The penis is unarmed, the prostate large, and, according to Bergh, a 
glandula and hasta amatoria are present* 

Species Astebokotus fusous, sp. nov. (PL 28. figs. 12, 13 ; PI. 30. 
figs. 48-50.) 

Body, The body is shaped like a typical Dorid — oval and with a moderately 
arched dorsum. The mantle is well developed, and projects considerably 
beyond the foot all round. The whole animal is like a piece of india-rubber 
to feel. The dorsum bears a scries of raised elongated tubercles, the largest 
of which forms an irregular ridge stretching from between the rhinophores 
back to the branchial aperture. From this median projection a number of 
unequal and irregular short side-ridges are given oif, getting lower as they 
])ass from the middle line, and all around the margin is a number of small 
oval or roundish tubercles. 

Colour, The colour of the preserved specimen is a muddy-brown, and 
a note included with it states that it was “ dirty brown, rough surface.^' 
Professor Dakin informs me that it was of a dirty brown with some lighter 
brown spots, l»ut no conspicuous colour-pattern. 

Dimensions, The spocimeti measured 27*5 mm. long by 15 inm. wide and 
9 mm. high, and the foot 24 min. by 6*5 mm. 

Head, Tiie bead is quite small with a small month in the form of a short 
transverse slit, and on each side is a small tentacle. 

Foot, The fool is only moderately broad, with an undulating margin. 
The anterior end is bluntly rounded, strongly bilabiate, the upper lip is 
indented in the middle line, and the posterior end is pointed. 

Rhinophores, The rhinopliore has a bluntly conical, perfoliate clavus with 
a fair number of thin leaves and a short cylimlrical stalk. They are com- 
pletely retractile within cavities, whose margins are slightly raised, so that 
they look somewhat like a tubercle. In the preserved specimen they are of 
a yellow colour. 

Branchitr, The branchiae an* five in number, each consisting of a large, 
branched, plume-like gill, arranged in a circle. They are completely 
retractile within a cavity with a raised margin, so that it stands up like one 
of the larger tubercles. The edge of this is furnished with six small lobes, 
which, when the aperture is tightly closed, are tucked inside. 

Radala, The pale yellow radula when flattened on a slide measured 3 by 
2*75 mm. and contained 38-40 rows of teeth. A median tooth is absent, and 
the number of pleuriils in each row was ; — in the first 6 . 0 . 6 (i. c., 12) and in 
other rows from the third on 65.0.65 (i. 130). The teeth themselves 
are simply hamate and increase in size as tliey pass outward to beyond the ^ 
middle of the line. They decrease in size rapidly at the outer margin, 
and the last one or two are reduced. 

The anus lies on a well-marked papilla in the middle of the branchiae, and 
it bears at its base the small oval excretory pore. 
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Alloiodoris HSOLEYi iiiilu. — ColouF preserved ; dark muddy- fawn with a 
tinge of green with irregularly scattered dark brown, almost black, 
roughly circular, ring-shaped marks (OVA). Colour alive : yellowish 
white to greyish brown, covered with minute spiculose elevations on 
the dorsal surface, which impart to it a brownish tint ; also less 
numerous, larger elevations, surrounded by irregular circles of deep 
brown. The latter occasionally have a centre of opaque white 
surrounded by a ring of reddish brown. 

No labial armature. Tentacles small, sub-cylindrical, 1*25 mm. long. 
Size 52 mm. long, 34 mm. wide, 23*5 mm. high. Radula 33-35 rows 
(55-57) .0. (55-57). Innermost pleuruls small, but much likt‘ the 
remainder, not like those of A, lanvyinata ; outer teeth not denticulate. 

I think it will be seen from the above that three distinct forms appear 
to be rcpresenieil, of which A. marinorata Bergli and A. hedleiji milii, 
while resembling one another more closely than either of them does A, lanu^^ 
ffinala, are, nevertheless, distinct species. The form described by Basedow 
and Hedley is not the same as that recorded by Bergh, and licncc it is in 
need of a new name. I propose to call it A. hedlei/i sihov Dr. Charles llcdloy, 
who has added so much to our knowledge of the marine fauna of Australia. 

Family I^LATYDOKIDIDA:. 

The body is sumewdial llattened, of leathery consistency, sometimes tough 
and sometimes brittle ; it has an oval or sometimes almost circular outline ; 
the notseum is fairly smooth or minutely granulate, the dorsum ol’ten marked 
by tubercles or ridges ; the puUial margin is aiuj)le ; the braucbial aperture 
is generally stellate : the tentacles are digitate ; the anterior margin of the 
foot is bilabiate, and the upper lip indented or split in the middle line. 

There is no labial armature ; the radula lacks rachidial teeth ; the pleural 
teeth are numerous and hamate. 

The prostate gland is large. 

(ienus Asteuonotus Ehrenhorg, lt531. 

Type by inonotypy: A. hempinchii Ehrcnb. Symb. Phys. (1831). 

The body-form is oval and somewhat flattened ; the animal is of a peculiar 
leathery or india-rubber-like consistency, not liard or brittle. The skin is 
smooth to the touch, but covered with raise<l protuberances in the form of 
ridges, of which one well-marked one runs in the mid-dorsal line from 
between the rhinophores ba<*k to the branchial aperture. Tlie margin of 
this aperture is produced into lobes (usually six). The foot is narrow, 
bilabiate anteriorly, and the upper lip indented. 

There is no labial armature; the radula has no median tooth and the 
pleural teeth are simply hamate. 
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Mr. E. Ashby, who is familiar with this form on the coast of South Australia, 
informs me that they are usually of the smaller sizo. It has not been 
recorded previously from West Australia. 

Some confusion exists in regard to the nomenclature of the members of 
this genus, which deserves comment. 

The following forms have been recorded : — 

A. (Doris) lanuyinata Abraham, Proc. Zool, Soc. Ijoud. p. 235, 
pi. xxix.figs. 13-17 (1877). 

A, marmorata Bergh, Maluk. (Inters, vi., Scmper’s Heison, 1904, p. 42. 
A. manuoratu Borgh (,dc), Basedow & Hedley, Trans. Itoy. Boc. South 
Australia, vol. xxix. p. 152 (1905). 

A. lanuffinata Abr., FJliot, Proc. Malac. Soc. Load. p. 3.*J3 (1907). 

A. Iiedleyi mihi, (iescribod above. 

The original .specimen doscribed by Abraham is in the British Museum ; 
it is not well enough preser\(»d for detailed oxaniination and the pharyngeal 
complex is removed. Eliot ( 98 , p. 333; states that, on comparing this 
spocimon with that seat by Kuler from New Zealand, ho has no doubt that 
they are identical. He giveb the genus as containing two species (A. 
lamtgitiafn Abr. nnd .(. mannorata Bergh), hut lower dow'n on the same page 
lie gi\es A, marmorata as a synonym of A. lanuffinaia^uud on p. 335 he states 
that BerghV A, marmorata is perhaps a distinct species. Further, lie 
sugge.sts that it la not clear that the animal iigured hy Basedow and Hedley is 
either of the two spetdes. On comparing the descriptions we find : — 

A. JiANiMiiNATA (Abr.). — (h)lour preserveil ‘"greenish-grey, blackish 
mottlingft^’ (tAioi). In the hpccimens in tlie Briti.*^h Museum the 
mottlings are uniformly dark areas ( f . ('oloiir in life dirty retl, 
numerous white pustules” \ISHter)j but the ajiplicability of this to the 
b]>eciiiioii is douhtfui. 

A weak labial armature. Tentacles long, flat, furrowed on up[>er 
surface, and almost auriculate. Khiiiophores much closer together 
in large specimens of A, liedlegi than in tin* far smaller original 
specimen of A, laumfimita. Size 30 min. long, 33 mm. broad, 
16 mm. Iiigh. lladula 26 rows, (40-15) . 0 . (40-45). 1st and 2nd teeth 
characteristic, unlike A, marmorata or hedlegu 
A. UAiiMOBATA Borgh. — Colour preserved “von hell gelblichweisser Farhe, 
die -von zahlreichcn kleineren und (bis 3 mm. diam.) grossoren bell 
aschegrau, vorschwimmindeii, unregmassigeii Fleckeii unterbrocken 
war^^ (no mention of spots being ring-shaped, which would have 
hardly escaped Bergh’s acute eye). 

Labial armature not mentioned. Tentacles 1‘5 mm long, “finger- 
formig.” Size 45 mm. long, 25 mm. broad, 13 mm. high. Hadnia 
34-35 rows, (40-42) . 0 . (40-42). 1st and 2n(l teeth like remainder^ 
outer teeth denticulate and not quite same shape as A. hedlryU 
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A similar series of markings is present on the under surface of the mantle. 
The foot is slightly lighter in colour and speckled with dark brownish-black 
spots. 

Dimeimons. The largest specimen measured 52 min. long by 34 mm. wide 
and 23*5 mm. high. The foot measured 42 ram. long by 16*5 inm. wide. 
Thus it is larger than Bergh's specimen of *1. marmorata (45 by 25 by 13 mm.), 
and considerably larger than the measureinents*‘given by Basedow and Hedley 
(22*5 by 10 mm.). 

IleniL The inconspicuous head is very small and tucked in between the 
front margin of the foot and the large overhanging mantle. Tlie mouth 
appears a tiny longitudinal slit, and the oral tentacles aie sub-cylindrical 
and when contracted measure 1*75 mm. 

Foot. The foot is elongated and narrow ; the front end deeply bilabiate 
and rounded; the hinder end l)luntly pointed and in the specimen not quite 
reaching to the edge of the mantle. 

Rhinophores. The rhinophores are clul)-shaped, and tlio perfoliate clavns 
occupies almost three-<inarters of their length. They are completely 
retractile within cavities with a circular, slightly raised aperture. 

Branchhr. The braiudiiic wore six in number, Basedow and Hedley ( 8 ) 
state that they wore seven or eight, but show only six in their tigure. They 
are retractile within a cavity which opens by a raised, transversely oval 
aperture with a wavy margin. 

The anal [)a[)illa lies within the circle of gills ; it is low and bears the renal 
aperture on its riglit anterior base. 

Radula. The radula rs w(dl developed, and when removed and flattened 
measured d mm. along the middle line and 5*5 mm. at its widest point. The 
total number of rows in the radula was 33-35 and tlic^ rows contained : — the 
first row 6. 0. 0 («. e.y 1 2) teeth ; the tenth row 55. 0. 55 (i. e., 1 10) teeth ; and 
the thirtieth row 57. 0. 57 (/. e., 114) teeth. The innermost pleural teeth are 
small, and consist of a curved spine on an elongated basal plate. They 
increase v(?ry inarkoilly in ai/.e to beyond the middle of the row, where they 
are falciform, and then they decrease again towards the outside. No sign 
of denticles was found on the lateral teeth. 

Labial Armatvre. None was noticed. 

The glans penis is armed with a series of rows of hooks. 

The hermaphrodite gland is discrete and does not form a layer over the 
liver. 

JSotes. The collection included three specimens. One small one from 
Pelsart Island and the other two larger ones with no definite locality-label. 

The specimens described by Basedow and Hedley ( 8 , pp. 139 and 152) are 
from St. Vincent’s Gulf ainl Port Itiver, South Australia, and from Edith- 
burgh, York Peninsula. It has been noted that the specimens here measured 
are cousiderably larger than those measured by Basedow and Hedley. 
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he gave no anatomical details^ so that the above is the first description of the 
radnia etc. of the species. 

Family ARCHIDOBIDIDJE. 

The body is not hard and sli<jhtly depressed ; the notmum is tuberonlate 
or granulate, the pallial margin is fairly broad ; the tentacles are small ; the 
branchial plumes are nearly si]\va)'s tri- or qiiadripinnate ; the foot is fairly 
broad. There is no lal)ial armature. The radula has no rachidial tooth ; the 
pleurals are numerous and hamate. The penis is generally unarmed. 

Genus Alloiodobis Bergli, 1904. 

Type by iiionotypy : A. marmorata Bergh, Malak. Unters. vi., 

Scinp. Reis. 1904, p. 42. 

The body is depressed, the notieum minutely graniilose and fairly broad. 
The hranchim are not numerous and generally tri- or qiiadripinnate. 
Labial armature is feeble or absent. The foot is strong and as wide as 
the body. The mantle is ill^shy and well devcdopetl. There is no rachidial 
tooth. The lateral teeth are numerous and hamate. The last part of the 
vas deferens in the penis hears a scries of hooks. The hermaphrodite gland 
fornix a discrete mass quite distinct from the liver. 

This genus was founded by Bergh on some specimens from Tasmania, and 
is remarkable in that the hermaphiodite gland forms a discrete mass and is 
not spread out as a layer over the liver. This is a condition encountered 
also in BiU/ft/Joris and Tretrlf/iuiUy forms that for other characters are quite 
widely rmiioved from the present genus. Eliot suggests (38, p. 333) that 
this perhaps represents an older condition than that in which the gland is 
spread over the liver. “ ami it would seem that very different families of the 
DoriJidao sporadically preserve or revert to the older arrangement.^’ 

Up to the present only two species have been referred to the genus^ 
viz-, A, marmorata Bergh ami A, lanvyinata Abr. 

Species Alloiodobis hbdleyi, sp. nov. (PI. 27. figs. 6 & 7 ; PI. 30. 
figs. 45-47.) 

Synonymy : A» marmorata Basedow & Hedley, Trans. Roy. Soc. South Austr. 1006, p. 162, 
non Bergh. 

Body. The general shape of the body is elliptical, slightly broader at the 
posterior end, and only moderately convex. The entire dorsal surface is 
covered with minute spiculate papillae, making it somewhat rough to the 
touch. The mantle is very well developed, being much wider than the foot, 
and its fairly thin edge is wavy and undulating. 

Colour. The colour of the preserved specimen is a dark muddy-fawn with 
a tinge of green. Irregularly .•scattered over it are a scries of dark brown, 
almost black, roughly circular, ring-shaped marks from 2-3 mm. wide, 

39* 
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Head. The head is fairly large and sub-globose ; the month is large and 
conspicuous, having the form of a longitudinal slit. On each side of it is an 
oral tentacle in the form of a large somewhat ear-shaped flap with a wavy 
margin. Tliis measured 27 by 24 inm. 

Foot. The foot is well developed, strong, and muscular. Its front end is 
abruptly rounded and bilabiate, and the hinder end passes back to n blunt 
point. The sides of the foot are thrown out into a wide, folded, undulating 
flange which, in the largo preserved specimen, projected 16-17 mm. 

Wiinophores. Tlie rliinophores aro well developed, and the sub-conical 
perfoliate cL»vns with 55-60 leaves is set at an angle of about 45^^ to the 
cylindrical stalk. The stalk is surrounded by a tubular sheath with a 
smooth margin, and in some specimens the claviis is retractile within this. 

Jimnrhifr. The six branchial plumes are dendritic, very conspicuous, and 
arranged in a wide circle*. Each of the anterior two pairs gives off a sniall 
branch Ironi the base, but the posterior pair each arise by two equally 
developed main stem> coining from the same point. 

Hiulula. The radnla is well developed and strong, and when removed 
and flattened measured 10*5 mm. along the middle line and 10 mm. at 
its widest point. The total number of rows in the radula is 47-49, and 
the number of teeth is in the first row 40 (/.c., 20.0.20), in the tenth 
row 130 (i.e.. 65.0.65), and in the forty-fifth row 152 (/.<?., 76.0.76). 
There is no racliidial tooth. The inner pleurals consist of a roughly 
rhoiiiboidal basal plate with a small curved spine at the aiitero-rnediun 
corner. As they pass outwards they increase in size, the base gets longer, 
and the spine increases very markedly. They roach their maximum just 
beyoml the middle of the row, and then decrease in size mainly in the 
basal plate. Thus it conies that, while the inner pleurals aro mostly basal 
plate with a small spine, the outermost teeth are mainly siiinc with a small 
basal plate. 

/Aihial Aym^ifure. The lips are guarded by a thin tough niembrane which 
is beset nith a large number of tiny hooked spines. 

The aims is not conspicuous and lies within the circle of gills towards 
the hinder end. 

The genital aperture is well marked, and situated up on the right side of 
the l)ody behind the level of the front end of the foot. Tho penis is long 
and unarmed. 

iVotes. Five specimens wore in tho collection ; — 

A large one and a moderately large one with no locality-label. 

Two smaller ones from Pelsart Island. 

One of fair size from Wallaby Island. 

These specimens were obtained From the same place as Kent obtained his 
H. imperialis and are thus topotypic with it. While he gave a coloured 
drawing of the living form, with which the present specimen agrees closely, 
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It does not appear to agree with an^ previously recorded species, and so 
is described here as new with the name Sphcerostoma dakeni, after my friend 
Professor W. J. Dakin, who collected it. 

Family HEXABBANCHID^. 

This family contains only one genus, and its characters are those of the 
genus. 

Genus Hkxabranchus Ehrenherg, Symb. Phys. (1828). 

Type by monotypy : /A. prcete^Hus Ehrenb., pi. 1. figs. A-C. 

N.B. — The platf^s in this work were published in 1828 and the text 
in 1831. This form appears on the plates. 

The body is large and of an elongate-oval shape ; the back is smooth 
and broad. It passes out laterally to a folded margin, which is continued 
out as the enormous sheet-like much folded mantle, which may be wider 
than the body. The branchial plumes, generally C-8, are dendritic and 
distinct, and arranged in a circle around the anus. They are not retractile, 
hut contractile, and their bases are surrounded by a shallow wide-open 
depression. The rhinopliores have a cylindrical stalk and a perfoliate clavus 
set at an angle to it. Tlie oral tentacles are large and auriculate with a 
folih»d margin. Tlie foot is relatively well developed. The labial armature 
is well developed and composed of tiny hooketl spines. The radula is well 
developed, with no rachidial tooth, and the pleural teeth are numerous, 
liainaie, and have no lab'ral denticles. The penis is long and unarmed. 
Only the po.sterior blood-gland is present. Bergh classes these as a 
sub family of the Dorididjv (Jryptobranohiata3. This name cannot stand, 
and the forms are not even (Vyptobranchiate. They are here raised to a 
separate family. 

Species Hexabranchus imverialis Kent, Nat. in Austr. 1897, p. 150. 
(PI. 28 . fig. 11 ; PI. 29 . fig3. 41-44.) 

Body. The body is moderately stout, of an elongated oval shape, and the 
skin is smooth. The most striking feature, however, is the mantle, which is 
extraonlinarily well developed and takes the form of a thin wide flange, 
wider than the body, passing all round save at the anterior end, where it is 
only narrow. The rhinophores with their sheaths stand up prominently at 
the anterior end, and the circle of gills is conspicuous at the hinder end. 

Colour. The colour of the preserved specimens is a dull greenish grey 
without any indications of markings. Professor Dakin says it is identical 
with Saville Kent’s drawing, and that at a distance it looked not unlike a 
great piece of fresh lung torn from a vertebrate. Kent figures it as of 
a flaring red colour all over with no markings. 

Dimensions. The body of the largest specimen measured 125 mm. long 
by 50 mm. wide and 44 mm, high. Beyond this the mantle extended 80 mm. 
along each side, 45 inm. across the posterior end, and 6 mm. across the 
anterior end as a sort of oral veil. 
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Doridopbts Alder & Hancock, Trans. Zool. Soc. T^ond. vol. v. pt. 8, 1864, p. 126. 
Type by original designation, 2). gewnxacm Aid. & Hancock. 

TTAUsrKLLODoniH Pease, Amor. Jour. Conch, vol. yi, 1871, p. 299, for the 
Doridwpstg of Alder & Hancock. 

Jhriopsis^ tlio generally accepted iiaine for this g*»nus, was introduced by 
Pca'ie, 1860 (62), who faih^d to ^ive a .satisfactory definition of the f^enns. Of 
it Beroh (11, p. says ; Da.s Geschlecht Domopsis wnrde von Pease in dor 
gewiihn lichen Art des Hoeres von Art^ nnd (Teschlechte-Fahrikanten init 
ganz flaschen (Jharacteren selion in 1860 aufgestellt/’ 

Four years later Alder and Hancock (6) more accurately descriheil the same 
gemus, hut gave it the name /Joridopais, without, however, referring to Pease’.'^ 
gonu.s or .species. Again, the following year Hancock (46) gave a detailed 
description of the genus, also without reference to the work of Pease. The 
latter author in 1871 re-affirmed his genus, claimed that the genus of Alder 
and Hancock was not identical, and suggested for their genus the name 
IJaitstellodoris, There can he no doubt, however, that all the species of both 
authors belong to the same genus. 

However, Ehrenherg in 1831 had founded tlie genus hendrodoris for two 
s])ecies, one of which ( />. htgnhrisj was subsequently de.signated the ty}>e by 
tiray (44, p. 101). Bergh (18, p. 21) points out that Ehren berg’s definition 
of the genus is incomplete and un satisfactory, although both the species 
included within it are recognisable and without doubt belong to the genus 
.subsequently termed Jhmopah. He further says (/. c. p. 22 ), “ Es liegt daher 
um .so melir wold kein Grund vor, die Benennung J^endrodoris furdie durch 
Hancock und durch mich jet/.t. .so gut hekaniiten Doriop.sen zu restituiren.” 

This is a strange line of reasoning to follow, for, i»i Ihe first place, Hancock 
uses the term iJoridopsis^ not Doriopsis^ and was not tlic author of either 
name. Secondly, while admitting that both Khreidx'rg’s original s])ccie.s 
belong to the genus under di.scussion, Bergh prefers to adopt a much later 
term, not simjily incompletely defined, but actually with ganz fiaschon 
Characteren.” 

There seems little doubt that the genus should stand Dendrodoris Ehrenb. 
with 1), Uigahris Ehrenb. us the type by subse(|uoni designation, and so the 
name of the family also needs to be altered to Deiidrodoridida;. 

It is interesting to note that the same species is described under the same 
name, Doris luguhrisy by Gravenhorst (43 a) in the same year, 1831. 1 have 

been unable to a.scertain whether Graverihorst's or Ehreu berg’s name ha.s 
priority, but, in any ease, it does not alter the generic name. 

Species Dendrodoris nigra (Stimpson), Proc. Philad. Acad. Nat. Sci. 

vol. vii. 1855, p. 380. 

Synonymy : JOcrig nigra Stimpson, 1866. 

Dariopsis nigra aact. 

Dofidtipsis fdgra auct. 

Body, The body is of moderate size, elliptical, and somcwliat (lepre«:sed. 
The dorsal surface is finely granulate, while the mantle is more smooth. The 
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mantle is well developed, fairly thin, and extends beyond the body all round, 
save that the Up of the tail probably projects slightly during locomotion. 

Colour, In the preserved specimens the colour is black, shading off to a 
dark grey near the mantle-margin, but showing no sign of the red margin 
described by Stimpson in the living animal. It is covered irregularly with 
tiny white spots, '^^hich grow more abundant and larger towards the margin 
of the mantle. The kranohire are of the same dark colour as the body. The 
under surface of the foot is also of a dark grey shade. In life the white 
spots are more striking and the solo of the foot of lighter grey. 

Dimensions. The specimens varied in size^ and the largest measured 
23 mm. long by 15*5 mm. wi<le and 9*2 mm. high. The smallest was 
only 12*5 mm. long. 

Head. The head is very small and inconspicuous, and bears a much reduced 
tentacle at each side. The month is a small circular pore lying bct\rcen the 
lips of a deep cleft in the anterior margin of th*} foot. 

Foot. The foot is moderately large ; its sides are continued out a short 
distance as shallow flanges and its posterior is bluntly pointed. The front 
end is deeply cleft, and between its margins, as noted above, the mouth is 
situated. 

Rhinoplwrei. The rhinophores are fairly small, completely retractile within 
sheaths with smooth circular margins, and bear a perfoliate clavus on a short 
cylindrical stalk. 

Branchue. The tripiimate branchial plumes are eight in number and 
arranged in the form of a circle, incomplete behind, but the gap is filled in 
by the low anal papilla. They are of the same general colour as the dorsal 
surface. 

Radula. No trace of a radula or pharyngeal complex is present. The 
oesophagus takes the form of a straight narrow tube. 

Notes. In all seven specimens were represented in tlie collection: three 
large specimens from Sandy Isle ; three smaller specimens from Wooded 
Isle ; one deformed and swollen specimen from Pelsart Island. 

This species of Deiulrodoris seems to be wididy spread in the Indian and 
Pacific Oceans, and the type-specimen was described from Loo Choo and 
Kikaisima. 

Species Dendrodoris mammosa (Abraham), Proc. Zool. Soc. 1877, p. 266, 
pi. Ixix, figs. 20-21. (PI. 28. fig. 15.) 

Synonymy : Doris mammosa Abraham. 

DoriopsU marmnosa auct 
Doridopsis mammosa auct. 

Body. The body is fairly large and of an elongated oval shape. The 
mantle is strongly developed, and projects all round as a thin fold about half 
the width of the body, and has a wavy margin. The very soft dorsum and 
in part the mantle also are covered with very large irregular warty 
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protuberances, giving them a very uneven appearance. The large projections 
also have smaller ones near their hascas, and similar small ones are scattered 
over the general dorsal surface. Three noticeablj^ large projections lie on 
each side between the rliinophoro and the gills, and two more are situated 
between the rhinophores. 

Colour. The general body-colour of the preserved specimen is a dirty 
yellowish grey, becoming darker towards the periphery. Down the middle 
of the back is a series of three large roughly rhomboidal black marks, which 
have other very dark, almost black, markings within them. Five or six similar 
but slightly smaller marked areas lie lateral to the large ])rojcctions on each 
side, the first pair of lateral marks being in front of the rhinophores and the 
last behind the branchia*. The clavus of the rhino|)bor(! is liglitz-colonred 
and the tips of the brancliia* very dark ; Professor Dakin informs me that in 
life the pattern was similar, but the colours brighter and the contrast more 
marked. 

Dimensions, The jireserved specim<»n measured 72 inm. long by 40 nim. 
wide (mantle extcndcil) by 17 mm. high. The foot measured <55 mm. long 
by 15 mm. wide, so that the mantle, wdien extended, projected 12*5 mm. 
beyond the foot. 

Head. Tlje head is extremely small and inconspicuous, and the mouth is a 
tiny aperture lying between the two edges of the front end of the foot. On 
eacb side of the hea<l is a tiny fla])-!ike tentacle about 1*5 mm. long, partly 
retracted within a .shallow grooye-like ca\ity. 

Foot, The foot is well dovclo|ied, long, fairly narrow', and with an expanded 
flange-like margin. At the anterior end the foot bears a deep longitudinal 
cleft, between the edge.s of which lies the mouth. 

lihinofdiorrs. The rhinophores are fairly small clavate structures with a 
perfoliate clavus, and are entirely retractile within cavities provided with an 
elevated tubular margin. They lie fairly close together near the anterior 
end. 

Branchiw, The five branchial plumes are tripinnate and arranged in a 
fairly close circle, with a tendency to fii.sion at their bases. Each is dendri- 
form. They are retractile within a wdde shallow' cavity with a .slightly raised 
margin. 

Radula, No trace of a rndula or pharyngeal complex is present, and the 
first part of the oesophagus is in the form of a straight narrow tube. 

The anus lies betwreen the bases of the two liindermost gill-plumes upon a 
fairly well-developed sub-conical papilla. 

The genita aperture is, as usual, high up on the right side of the body 
about one-quarter of the way from the anterior end. 

Kotes, Only one specimen is represented in the collection with a label 
‘‘ Nudibranch from Fremantle, W.A.” It is not therefore an Abrolhos 
type, so far as we know. 
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The type-specimen described by Abraham (2) measured 56 mni. long by 
44 inm. broad and 16 mm. high, so that it was not so large as the present 
one. No locality is given, but it is stated to bo “ obtained during the 
Antarctic Expedition.*' *It was possibly obtained at some port of call, how- 
ever, for the Dendrodorids as a genus are characteristic of the warmer seas. 

Family EUPHUIMD.^ (Polyceridi., Polvcerad*). 

The body is more or less elongated and limaciform. The dorsum is not 
marked off from the sides or se])araicd by u prominent margin. The frontal 
veil is more or less prominent, simple, or furnished w'itb simple or compound 
appendages, and the dorsum generally has a solitary dorsal appendage 
(branchialis) or several dorsal and lateral. The bronchia? are generally 
paucifoliate, but may be composite ; they are not retiactilo within a cavity. 
The tentacles are small, lobiforni, folded, or auriform. The foot is not broad, 
and generally rounded anteriorly. Tbe biilbiis pharyngens is simple. Tlie 
buccal cavity is often armed with lamime (often eom{>osed of minute rods). 
The radula nearly always lias no raohidial teeth ; the miijority of tli(» jiUuiral 
teeth are uncinate, and the outermost teeth simple, not hamate. The glans 
penis is armed ; two sjiermathecas are present. 

In 1798 Cuvier instituted the mime Tritonia for a genu‘s of Nudibranclis, 
but while describing the genus he mentioned no particular species, and later, 
in 1803, he enlarged this description and dealt with a definite and new 
species, T. liornhcrifiL Lamarck in 1801 took (*iivierV name ami gave as a 
species of the genus T. elavigera^ llahnoscjiie in I8l5 projiosed the name 
Euphurus for the THtoma of Lamarck — /. <?., with T. clangera as a type. At 
a later date Johnston (1838») dismissed Lamarck's species as being outside 
the limits of (iJuvior’s genus, and proposed for it the name Triojm clavigtra^ 
under w'hich it has since been dealt with. To turn to other animals than 
Nudibranchs, liowever, we find that in 1774 Trifonltna was einjiloyed as a 
generic name, by IMiiller, and in 1800 Meigen used Tritoma as tbe name 
of a genus. 

Thus it will be seen that the term Tritonia as ap])lied to Nudibranchs 
refers to two entirely different and unrelated forms, and in any case the 
name is pre-occupied. As noted previously, Tritoma Cuvier («.e., with 
T. hombergii as type) has to bo replaced by Sghrerostdma Macgillivray, and 
as will be seen above Tritoma Lamarck («. e., with T. davigera as type) 
becomes Euphums Itafinesque, and this intcrcej>ts the later name Triopa 
Johnston. In this way the oldest generic name in tbe present family 
becomes EiiphurvSy from which the family-name is derived. This matter 
is also referred to by Iredale (51) and Iredale and O'Donoghue (51a). 

Genus Notodoris Bergh, Jcurn. Mus. QodefiEroy, riii. 1875, p. 64. 

Type by monotypy : AT. citrina Bergh, Le. 

The body is limaciform with the sides not marked off from tbe dorsum ; 
it is hard and rough, often marked with prominent ridges. The frontal veil 



OPISTHOBRANCHtATA fllOM THK ABROLHOK ISLANDS. 


565 


is large. The hraiichiie and sometimes the rhinophoros are protected by 
valves. The rhinophoros are not perfoliate. There is no labial armature of 
rods or spines, but a chitinous ring may be present. No racbidial tooth is 
present ; the j)learals are similar and hamate with indications of an accessory 
denticle. 

Species Notodouis gardineiii Eliot, Fauna & Geog. Maidive and Laccadive, 
xol.ii.pt. lJ90a,p.i)48. (P1.28.figs.J8,19: PI. 30 . figs. 62-64.) 

Hotly. The body is limaciforin and covered xvith small tubercles, which are 
more numerous and larger at the anterior end. Nearly halfway back the 
body reaches its highest point, and here arise the branchia? covered by their 
three characteristic protecting valves. A row of larger tubercles runs from 
the sides of the oral veil to the branchial valves. Beyond this the body 
falls to a lower, narrow'er, tail-like region. A well-marked valve-like 
tuberch^ lies on the outside of each rhinophoral aperture, and belxveen these 
openings is a group of txvo or three large tubercles. Lateral to the rhino- 
phor(‘s the noljcum passes out and forwards as a very well-marked oral veil 
with a tiibereulated margin. The very tough skin contains a number of very 
hard, s(»mi-transparcnt spheres, which ap])ear to be comjiosed of a chitinous 
material. They are irregularly scattered, and may be sparse or so close 
together tliat they 1‘onn hard masses. 

Colour. According to ibe coloured sketch made by Professor Dakin, this 
sj>ocies is of a deep chrome-yellow all ox'cr ; the oral veil and branchial 
valves are of the same colour. There was apparently no trace of the black 
spots descril)ed by Eliot. 

fllmrnsioHs. The specimens were all about the same si/o and measured 
whrn preserved 4o mm, long by 9 mm. wide by 10 mni. high ; length of the 
tail-region 18 mm. ElioPs siiecimeii w’as min. by 9 nim. by 12 mm. 

lltad. The head is small and in the specimens completely hidden betxx’een 
the front end of the foot and the overhanging oral veil. This veil is very 
well develoi>ed, and in all the specimens is tightly curled down over not only 
the head hut also the anterior end of the foot. 

Foot. The foot is fairly broad and lanceolate. Tlie front end is rounded 
and the hinder end passes off to a point. 

Ithinophores* The rhinophures are completely retractile within deep 
cavities. 'Jlio aperture is in the form of an oval slit placed at an angle of 
about 4.5° to the main axis of the animal. At the posterior outer corner of 
the apertureJiesa very large tubercle whose tiap-like apex overhangs it. 

Branchiae The branchiae are fairly numerous, very small, and completely 
hidden by the three large valves. Tlie three valves rise from a transverse 
ridge stretching across the middle of the back. The middle one passes back 
and curls downwards until it practically touches the dorsum. The lateral 
valves pass backwards, down and round partly forwards again, forming the 
commencement of a spiral. They also practically touch the dorsum. All 
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the valves, particularly the lateral ones, possess on their margins curious 
spatulate processes, which were described and figured by Eliot. The valves 
are very hard and bend over almost to touch the dorsum, so that the tiny 
gill-plumes, apparently arranged in three groups, cannot be seen without 
cutting off the valves. 

Labial Armature. According to Eliot there is no labial armature, but in the 
specimens h(»re described a circular ring of chitinous cuticle was present. 
It is not large and quite thin, but, nevertlieh^ss, it resisted boiling in potash 
solution and separated off from the lips ns a distinct ring. 

JRadula. The radula contains no rachidial teeth. It is only moderately 
developed, and contains from 56-58 rows. The first row' contained 18 . (» . 18 
(i. e., 36 teeth), and the middle rows (34-42) . 0 . (34-42), /. e. (68-84). The 
teeth are erect, moderately long, and slender, and so closely packed at tlie 
outside tliat they are difficult to count accurately. They are a little larger 
on the outside, but otherwise vet*y similar throughout. Each consists of a 
more or less rectangular blade-like plate, one corner of which is carried on 
as a thin, slightly curved rod, bearing at its tip a small rounded secondary 
denticle. They are similar in general appearance, although difiering in 
detail from those described by Bergh for jV. cifrina (11). 

Notes. Three specimens were represented in the collection, and bore the 
label 1st Island. Shore Collecting. Outer side.’' 

Professor Dakin, in his general account of the Abrolhos, says of tins 
species: — A straggling brilliant lemon-yellow sjamge was one very evident 
specimen. After turning several stones over and noticing wliat apf)ear(‘d to 
be pieces of ibis sponge falling off, it was discovered that the falling pieces 
were Nudibranchs reseinbiifig the sponge both in colour and general apj»ear- 
ance. The species belongs to the genus Notodoris, this being the first record 
for the genus on the Australian coast. It w^as instituted by Bergh for a 
single specimen of N. citrina from Rarotonga. Two other species have been 
made by Eliot for specimens from Zanzibar and the Maidive Islands. All 
three are yellow* in colour. It is stated in Eliot's report that nothing is 
known of the habits of those animals, and further : — ‘ AVith Mr. Gardiner's 
specimen is a piece of hard yellow sponge. There is no note, but as the 
colonr and consistency of the sponge closely resemble those of theRudibranch 
it is highly probable that the latter frequent it.' 

It is interesting to find that this is actually thf^ case and in an entirely 
different region. Our specimens were always found associated with this 
sponge. The Nndibranch moves about slowly, so far as could be observed, 
and apparently lives in the dark under coral blocits.'’ 

This association between Nudibranch and sponge is not unknown, as 
witness the entirely different brilliant red Nuf^ibianehJKostan^ajpf/^cAra living 
on a similarly coloured sponge on the Pacific coast of North America (vide 
O'Donoghue, 60 , p. 152). 
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As pointed out in the passage quoted above, only three ^species of this 
remarkable genus have been recorded : namely, A. citrina Bergh from Raro- 
tonga by a single specimen, iV. minor Elliot from (Jhiiaka on the east coast of 
Zanzibar by a single specimen, and N. gardiner] Uliot from the Maidive 
Islands also by a single specimen. 

In spite of certain minor differences, ue» the presence of black spots, the 
presence of a Y-shaped arrangement of small tubercles on the dorsum, the 
absence of labial armature inter alia in Eliol/s specimen, I have no 
hesitaiioii in referring the present form to his species, A\ The 

size is about the same, the teeth similar, the valved rhinoj)horal aperture 
similar, and also the branchial valves with their elaborate spatulate 
processes. 

As will be seen the genus is very little known, and it is to be hoped that 
sufficient material for a detailed investigation of its structure will be forth- 
coming. It apparently contains three distinct species ; — 

N. OITRINA Bergh.— Bale yellow; somewhat broader; 7 quadripinnate 
gills ; gill-valve with ^ jioints more than one-third of the way for- 
ward; valved rhinophoral aperture; radula 56 rows typically 
14.0.4, tooth with iudi<nition of third blunt ticnticle. 

N. uAKniNKiu Eliot.— (.'hromo-yellow wdth or without black spots, 
narrower ; numerous tiny gill-plumes ; gili-valves marked, three in 
number, furnished with spatulate processes, about halfway hack ; 
valved rhinophoral aperture; radula 56-58 rows typically (34-42) . 
tl . (34-42), tooth with only second blunt denticle. 

a, MINOR Eliot. — Lemon-yellow sharply marked with black lines, 
narrower ; 27 small tufts of gills in throe areas ; gill-valves three in 
number, inconspicuous, simple; radula 33 rows typically 25.0.25, 
tooth not nearly so distinctly denticulate as in foregoing species. 

These differences appear to warrant the retention of the three forms as 
valid species. 

Genus Nkmbuotha Bergh, MalakoL Enters. Heft xi. p. 450 (1877). 

Type here designated, nigerrima Bergh. 

The body is limaciform, nearly smooth ; dorsum not differentiated from 
sides ; the rhinophores are retractile with a perfoliate claviis ; the branchim 
are paucifoliate and hi- or tri-pinnatc; the tentacles are short and lobate ; 
the foot is quite narrow. The labial armature is inconspicuous or absent. 
The radula fairly narrow ; the rachidial tooth is depressed, subquadrate, or an 
armed curve ; the first pleural tooth is large and falciform, and the several 
external teeth are depressed. 
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The hermsiplirodite gland is connate with the liver ; no discrete prostate is 
present ; the glans penis is armed. 

There is a possiblity that the generic name Nembrotha Bergh, 1877, will 
have to be replaced by AiiffasUlla Angus & Cross, 1864 : tlie form 
described by tlie hitter being very much like those in Bergh’s geiuis — 
indeed, Bergh himself includes it as a doubtful member of the genus. The 
matter can hardly be definitely settled unless the collection of further 
specimens renders it possible to examine it more closely. 

Species Nembrotha pdrpureolineata, sp. nov. (PI. 28 . figs. 16, 17 ; 
PI. 30 . figs. 60, 61.) 

Body, The body is limaciform, rising from the front end to tho middle, 
where it bears the braiichiee, thence it gets lower again and terminates in a 
short tiiil. The smooth dorsum passes over into the side of the bo<ly without 
line of demarcation or pallial edge. The anterior end bears a narrow 
veil-like expansion. 

Colour. The general body-colour of the preserved animal is a dirty 
yellowish grey marked with pale brown linos. A broad dark band com- 
mences just behind the rhinophores and passes back in the mid-dorsal line to 
the branchise. A thinner dark line passes round the front, anterior to tho 
rhinophores, and hack on each side of the dorsum. Behind the hranchiso 
these two lines converge and meet, about halfway liotwecn the gills and the 
posterior end, to form one line in the middle which runs hack to the end of 
tho tail. Another Hue starts at the front end about halfway np the i)ody on 
each side. It runs back roughly parallel with the edge of the fool to join 
the dorsal lino near the tail. Professor Dakin informs me that in life the 
body-colour of the animal was a translucent slate-grey and the dark hands 
were purple-brown. 

JHmensions. The form of the specimen was not well preserved, but it 
measured 35 mm. long by 10 mm. wide and 11 mm. high. 

Head. Tho head is small and not couspicnoiis. At ea(Ji side it hears a 
tiny tentacle, somewhat knob-shaped in the retracted condition, and between 
them is the circular mouth. 

Foot. The foot is linear and not strongly developed. The hinder end 
passes off into the pointed tail, and the anterior end is cleft and lias rounded 
corners. 

Rhinophores. The rhinophores are small, have a perfoliate clavus, and are 
completely retractile within cavities with smooth round apertures. 

Branchiae. Tho non-retractile branchiae consist of five bipinnate plumes, 
joined at their bases. The anterior one is in the middle line and larger than 
the others. 

Radula. Tile I'adiila is relatively small and when flattened measured 4 iimi. 
by 2 mm. It bears 32 rows of teeth and the number in the oldest row is 
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7 . 1 . 1 . 1 . 7 (/.<»., 17) and in the newer portions 8 . 1 . 1 . 1 . 8 (i. 1 9). The 
rachidial tooth is in the Ibrin oF a broad irregular octagon with its posterior 
side unciirvod and thicker in its anterior half. Its front edge is straight, 
but furnished with four curious papilliform denticles ilirected backwards — 
one of the inner of these bifid. In the radnla of the specimen examined 
it was ab\ays tbo inner one on the .same •'itlo. The first lateral has an 
irregular elongated base lying at an angle of about 40° to the middle liue 
of the radula. It bears two very strong, backwardly directed, conical 
spines — one at its anterior end and the other about two-tbirds of the way 
back. This is followed by a series of teeth, seven or eight in number. They 
take the form of a])[>roximately scjuare plates in the inner teeth, but become 
oblong and less strong towards the outside. 

Labial Armature. The lips are furnished with a lining of thin chitin, which 
has an oval opening, whose long axis is vertical. 

The anus lit s on a short rounded papilla in the middle line behind tlic 
junction of the bases of the posterior branchial plumes. 

The genital aperture lies near the anterior end in the light space betw'een 
the two latcM-al dark bands and about halfw^ay between the head and the 
branchia*. 

A’otes, The s])ecies i> n'pre^enUMl by one spccinieu, which was taken on the 
Abrolbos, but with no details of the exact locality. 

In spite of the prestMioe of a labial cuticle rather more strongly developed 
tlian ill otiier ibrms. there is no doubt that tliis belongs to the genus 
Semlfrolha. It does not appear to agree with any previously described. 


A (loPEPOD Parasitic on Cbbatosoma bbbvzcaudatuu. 

The presence of (Jopepoda parasitic upon Nudibranclis has been reported 
by several authorities. The first reconl is apparently that of Ley dig ( 56 ), in 
1853, who constituted the genus Jhridivola for (Jopepods found on Dorids. 
Similar forms are also reported by Alder and Hancock (5) from Archidoris 
tuberrulala and Antiopa cristata^ and tliey were referred to the genus 
Ergasilu.% although they wrere probably congeneric, if not even coiispecific, 
with Leydig’s forms, as was pointed out later by Hancock and Norman (47). 
They are not highly modifiial animals and apparently more in the nature 
ofepizoitic forms^ and their parasitism has not been }jroved. 

In addition to these, however, a group of highly specialised forms, 
undoubtedly parasitic, have also been described. The first, reported by 
Hancock and Norman ( 47 ), aro : — Splanchnotrophus gracilis, parasitic on 
Acanihodoris pilosa and Jdalia aspersa from the English coast, and brevipes, 
parasitic on J)oio caronata and Coryphella rufibranclnalis also from the English 
coast. The only other authority that has dealt witli those parasites is 
H. Bergh, who has recorded the following ; — 
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i’arasite. 


I Splanchnoir(tphu8 brewpes. 
, ISplanrhnoti'opkits •^p. 

I Iwwlia tnonfttrtiw. 

I 1/ t» 

I ** tr 

Ismah’a up, 

I Bnanlla microrepbaia* 

J liriarella sp. prubably. 
li, microc^phnltt. 


Gnloum t'tndula, 

( UtryphtUa rnfUtmnt hialii, 
IVuiliann lynceuh, 

„ tM a 
Attbidons tnvtrfa, 
LomamUth genet, 

( V ratosoma it ilohnta, 
(rloshw/on s eltbtibeth i tut, 
Attferonoltis bertramt. 


NorUi Sea (21, p. 568). I 
Norway (21, p. ri(>8). | 

\V. Toast, S. Amerien (9). j 
W. (oast, S. Ameiica (26). 
W. Co.ist, S. Aiueiicn (26), 
Mediterranean (21, p. 55^) i 
Ked Sen (13, p. 40SJ). 
Philippines (16, p. 47:2) j 
Philippines (19, p. till). j 


Host. 


Locality and 
Heierence. 


The totiil number ot «*()eoios is \erv small, onl> lour named for oertaiii and 
a possibility of seven at the most, and, from the infreqnoney with which tlicy 
have l)Oon recorded, it woold appear that they are rare. Indeed, in many 
hundreds of 8))eeimens I ha\e handled from British (Columbia, I ha\e not 
yet encountered one. In spite of this, however, it w'ill Ik» seen from the 
above list that they are widely di^ributod o\er i ho world. The toilowin^ 
form is of interest, not only on its own aecounl, as a now species of a ’‘are 
l^roup, but also because it shows that the group also extends to the Australian 
seas. 


Family ( Hi ON DBA (^ANTll 11) J:. 

(xenus SPLANOHNOTRuriii s Hunc. in Norm. Trans, Linn. Soc, Loud. 

, xxiv. 18t)i, J). 51. 

Type liere designated : S. graalis llanc. & Norm. U r. ji, 51. 

(^oast of England. 

Female, Head and thorax either blended into a single segment, the 
thoracic portion of which is furnished on each side with nnartienlated arin-like 
appendages or lobes, or the first part only of tlie thorax is united w’ilh the 
head and the Le^t part forms a second, but comparatively minute, segment. 
Tn this case, hoAe\er, all the thoracic ajipendages are attached to the first 
segment. First anteniim minute and few -jointed ; second larger, in the 
form of prehensile hook.s. Jjabrura large, overhanging the mandibles, wliich 
organs, together with the maxillse and two pairs of foot-jaw's, are minute and 
crowded round the mouth. Thoracic feet two pairs, minute, simple or two- 
branched, terminating in hooks. Abdomen two-jointed, the last joint ending 
in two (*Budal appendages, which are furnished with one or two simple setse. 
Ovigerous sacs ellijitical. 

Male minute. Cephalothorax with lateral apjiondages and divided into 
four <<ogments, the first of wliich bears two pairs of thoracic feet. 
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Species Splanchnotrophus sacculatus, sp. nov. (PI. 30. figs. 65, 66.) 

FemaU, The body is elongated and roughly cylindrical, but slightly 
depressed dorso-ventrally, and it is encaged in a thin, not very strong, 
layer of semi-transparent chitin. It is coinposcMl of a cephalothorax, of 
vvliich the aiderior portion is the head, but it is not distinctly marked oft* 
from the thorax, and a mucli smaller abdomen. On the dorsal surface of the 
cephalothorax are three sac-liko outbulgiiigs of the body-wall. Tlie first of 
the.se is in the f<irm of a transverse collar-like ridge right acios.s the body, 
and it is somewhat firiinu’ than the other two. The second is much larger, 
more inflated, ami iiion» irregular. The anterior border and the lateral lobe.s 
of it are .'^harply uiarked ofT Iroin the body, but in the mid-dorsal region the 
hinder i)arts of the two lateral lobes merge with the general surface of the 
body. The third sac i.s, if anything, larger than the sec»»ml, and its lateral 
lobe.s .'ihow a .‘flight marginal indentation. 

The last portion of the thorax is narrower than that in front, but it swells 
out towards iis hinder edge and then rapidly narrows again still further to 
the point where it joins the abdomen. 

From lh(‘ v(‘ntro-lateral a.spect.« of the cephalothorax arise three pairs of 
long. lai»ering, cylindrical oidgrowlhs. The first j)air arise at a level between 
the fir.^t and .'second dorsal sacs. The second j)air arise at a level between the 
.s(>cond and tliird dor.su1 sacs, and the third jaiir touch the .<iecond and are 
level with tlie ihiial dorsal sac. Thc.se lateral outgrowths are not, a.s might 
he .suppo.sed at first .sight, modified appendago.s, for the rudiments of these lie 
on the ventral surface, but they are outgrowths of the body-wall. They are 
very conspicnou.^, as tlioy almost double the length of the animal itself, and 
api)arently are concerned with the absorption of nutritive material from the 
host, since they lie in the .spaces between the viscera. 

Strings of eggs, either in .single or double rows, show through the body- 
wall an»l form a network of interlacing lines in the various parts of the 
ce[dialothorax, the dorsal sacs, and the basal portions of the long outgrowths. 

The first antonuse are a pair of minute, stumpy, seemingly uniramous 
appendages lying under the head a short distance from the anterior tmd. 
Each is apparently composed of three joints and bears a number of relatively 
stout spines ; there arc three of these on the basal joini, two on the next, and 
two on the terminal joint. The second antennje, while still .small, are con- 
siderably larger than the first, and are plump, fleshy, uniramous appendages 
also showing indications of three joints. They are relatively shorter than the 
corresponding members in 5. gracilis. Stout spines are also pre.«cnt on 
these two on the basal joint, one on the next, and two on the terminal 
joint. 

The labrum is large, curved ventrally, and sub-triangular in shape with a 
rounded apex and a deep curved indentation in the base. The mouth pre- 
sumably lies under this indentation. The mandibles are small and consist of 
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a soft triangular base, which bears at its antero-mediun corner a small stiff 
blade with three denticles. The inaixilltc are very small triangular lobes 
partly hidden by the mandibles. Each bears a spinc-like prolongation at 
its antero-median corner. Tin* first maxillipedes are somewhat triangular in 
shape, not unlike the mandibles, save that in place of the blades they bear 
spine-like lirocessos. The setjond inaxillipedes are long thin structures, 
expanded dorso-ventrally in their anUM*ior region, and bearing spine-like 
[)rolongations at the anterior end. Tluy are approximated in the mid-ventral 
line over the front part of their length, but <Hvergo posteriorly. Altogether 
the mouth-parts show a considerable i*es(‘mhlaiice to those? of S. tjranlu^ but 
their proportions are different, and they a[»|)oar to he a little more degenerate. 

On the ventral side of the ccphalothorax tliere are a pair of rounded 
papilliform processes opposite the bases of the first lateral appendages, arfd 
another and quite similar ])air opposite the ends of the last pair of lateral 
outgrowths. These are in the same relative position as the tiny legs in 
8. graciltSy as shown in the drawing of Han<»ock and Norman, hut, while each 
bears a small spine, they are not nearly so much like thoracic appendages as 
those of 8. gracilis* 

If we adopt the interpretation given by Hancock and Norman (47, p. .^>2), 
two regions can be distinguished in the abdctinen : the first an inv(?rteil 
cone joining on to the j)oslei ior end of the ccphalothorax and I In' second 
another inverted cone with a rounded edge at the base borne on the pre- 
ceding part. This second cone has a firinor chitinons covering than the 
ceplialothorax and hears four annular grooves ; thus it is divided up into five 
rings, but whether these represent actual abdominal segments or not it is 
hardly possible, to say. Hancock and Norman group the anterior cone-shaped 
portion together with the basal ring of the second cone as the first complete 
abdominal segment, although in the jiresent species there is a distinct, 
annular, articular groove separating them. The Imsal ring of the second 
cone-sliaped portion has two lateral projections upon wdiich the cgg-sacs are 
borne. On the terminal portion of the abdomen are two Muall cylindrical 
projections each terminating in a short spine. 

The egg-sacs are elongated, cylindrical, soft-walled sacs with rounded ends. 
The sacs measured, in one individual, 6’2 innj. long by 1-2 mm. wide. The 
eggs within them are apparently just crowded together without definite 
arrangement, as is characteristic of the family ( ^hondrucanthidse, and do not 
exhibit the linear arrangement that is found in the Oaligidse. 

Jfotes* Two specimens of this species were found upon one individual of 
C. hrewandatimij both female and about the same size. The one of these 
measured 8*5 mm. long by 4*1 mm. broad ; its egg-sacs, as noted above, were 
6*2 mm. long by 1*2 mm. wide and the length of tlie longest lateral process 
was 14' 75 mm. One specimen was partially embedded in an actual bole in 
the body-wall of the Nudibranch about 5 inm. beliind the urinary aperture, 
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and looked as if it were in the process of boring its way down to get into the 
body-cavity. 'l"his specimen was very noticeable f rom the outside, and its 
long lateral a])pen(lagcs and most of the body projected freely from the 
dorsal sufaco of its host. In oxamining this individual if was noticed that 
two peculiar sac-like .structures containing eggs of a deep golden-yellow 
colour were ])rojecting from ilic miicb dilute*! renal ])on‘. Further exami- 
nation and dissection revealed the pr<‘sence of a s(*e(md ami slightly larger 
example of the parasite, completely hidden within the body ot‘ the host — the 
measurements ot* this specimen are given above. It was lying within the 
renal <luct at its ]»o.stcrior end, hut it wa.s .so larg<» ami its lateral arm-like 
uppetulages spread about so much among the vist;(T!i tliai it was not ]»ossible 
to se(^ whether Iho animal was completely confined within the renal duct, 
\vhi(di had become enorinou.sly dilated and ramified, or w hether it had broken 
through th*' wall of this structure. 

While the .'Specimen on the outside of the Nialihranch contained eggs 
within the body, visible tbrongli the s*‘mitransparenl body-wall as a tracery 
of lines, it show(‘d no sign of egg-.sacs. If those had not b<»cn torn off, there- 
fore, it w’onld apfiear as if the production of eggs had not proceeded far in 
this individual. In the ‘•ccond spc(*imen, on the other hand, egg-sacs were 
present and of larg<? size. As noted above, tliey projected through the renal 
j)()rc, which was much enlarged or porliaps acriially broken, and also proje<*ted 
through the jjurlially closed branchial aperture. They w^ere extremely thin- 
walled and delicat(‘, and in (Ik* subsequent ])rocess of excavating the rami- 
fications of the parasite from the body of the host they wore badly broken 
up — fortunately not until after they had lM*en measured. When the hrancliuv 
were exf*and<Ml, the egg-sacs must liavc lain among the branchial plumes as 
describe*! in S.<n'aciHs, The body of this individual also contained a niimher 
of eggs showing through the body-wall, and arrangcMl in a scries of int<*r- 
iaciiig lines wliich passed out into the lateral procc.^.^cs, 

No trace of a mah* individual was f»mnd cither on or near the females, or 
upon or in the body of the liosf. This is rather remarkable in view^ of the 
fact that Hancock ai)*l Norman state that the inal**s. somctime.s to the numl>cr 
of a dozen, are generally to be found associate*! with the females. 

The present sjiccie.-^ is undoubtedly congeneric with S. gnidlis Hancock 
an<l Norman, and quite similar to it in a number of ways. It difibrs in a 
number of points, however ; the presence of the dorsal sacs, the segmentation 
of the abdomen, the more degenerate condition of the thoracic limbs, the 
greater length of the lateral appendages, and certain differences in the mouth- 
parts inter alia^ and so it is here listed as a luiw species under the name 
Splanchnotrophus saccuhiua. It is inten-esting to find a form from the 
Antipodes so closely allied to S. gvacilisy heretofore only recorded from 
the European seas. 
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EXPI.ANATION OF THIO PLATES. 

Plate 27. 

The photographs oti this plate were all taken by Mr. Herring, of the Prilisli Museum. 

Fig. 1. Tethys yigantea (Sowerby). Dorsal aspect, X about The large expanded 

lobes at the anterior end of the foot and the anal funnel are clearly shown. 

Fig« dmiaont (Smith). Dorsal aspect, X 1. Thu anal funnel in this specimen 

is folded in. 

Fig. 5. Dolahrifora pelnarienain, sp. nov. I>orsal aspect, X 1 . 

Fig. 4, IHacobranchua sp. nov. Dorsal aspect, x 1. The anterior extension of 

the mantle lobe in front of the flattened head sh(»ws clearly on the right side, 
but is torn and folded on the left. The anterior end of the head with the 
tentacles is withdrawn and does not show. The tiny periciirdial swelling 
appears just behind the head. Owing to the shadow produced by lighting, a 
false iinpreasion of a solid body i.s given. In reality this region is mainly com- 
posed of the mantle lobe.s, and the actual body is not quite os wide as the head; 
it cannot be distinguished from the lobes. 

Fig. 5. Siph fproHtuma dalcenij Ventral aspect, X 1. The mouth shows as a longi- 
tudinal cleft at the anterior end, and part of the oral veil with one projection 

appears on the left-hand side. The margins of the foot in this specimen are 
almost approximated. Some of the large branchim show clearly on each side. 

Fig. f). AUohtloriB hedleyi^ sp. nov. Dorsal aspect, X 1. Tlie granulate appearance of 
the back and the nature of the branchial and rhinophoral apertures are clearly 
visible. 

7. Ventral us))«ct of the specimen ilhi.«strated in lig. 6, X 1. The liny head 

is not visible. 

Fig. 8 . Ghasftdona westraliensia, sp. nov. Dfirsal aspect, x 1 . Tiie dark band near the 
margin of the iiotieiim shows faintly. 

0 , Lateral aspi*ct, x 1 . The broad dark band on the side of the body and 

the narrow one on the upper edge of the flange of the foot are visible. The 
front end of the foot is clearly bilabiate. 

Fig. 10. Apheiodona affinis Eliot. Dorsal aspect, x 1. In places the darker line around 
the uotSBUin is seen, and the dark-coloured branchisc show in the circular spot 
towards the posterior end. 


Plate 28. 

The photogi-aphs on this plate were all taken by Mr. Herring, of tlie liritish Museum. 

Fig. IL IlexiUfvauchna imperudia Kent, Dorsal aspect, X -;'3. The branchim and the 
clavus of the right rhiiiophore are clearly visible, and the relatively enormous 
size of the mantle folds can easily be judgi*d. 

Fig. 12. A$teron6iu9 fuBcuSj sp. nov. Dorsal aspect, x J. This shows the ridgt^s in tho 
central region cf the dorsum. 

13. Ventral aspect of the specimen illustrated in fig. 12, xl. The relative 

sizes of the foot and mantle show clearly. The indentation at the posterior end 
is where a portion of the mantle has been broken away. 

Fig. 14« Cet'atoaoma brevicaftdatum Abraham. Dorsal aspect, x 1. The tail Is bunt to the 
right, otherwise this gives a good idea of the shape of the animal and also the 
position of th,e rhinophoral and branchial apertures and the tongue-like prolon- 
gation of the dorsum. 

LIKN. tlOURN. — ^ZOOLOGY, VOL. XXXY. 41 
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Fig. 15. Dendrodoris mantmosa (Abraham). Doraal aspect, X 1* While the general 
appearance is shown well there is no indication of the colour-markings. 

Fig. 10, Nmibrotha purpureolmtaia, sp. nov. Dorsal aspect, X 1. This indicates the 
general form of the animal, save that the tail is turned to the right, and also 
the ]) 06 ition of the branchim. * 

17. Lateral aspect of the specimen illuKlrated in tig. 16, x 1. This shows the 

way in which the body increases in liciglit to the level of the gills and then falls 
away to the tail. 

Fig. 18, NotintwHi gardineri Eliot. Dorsal aspect, X 1. The general form of the body 
with the tail turned to the right : the rhinophoral apertures and tho brancliial 
valves are clearly shown. 

19, Lateral aspect, X 1. The tail in this specimen is turned up. It shows 

clearly the rough nature of the surface, the large size of the branchial valves, 
and here and there some of the hard spheres. 

Platk 29. 

All the figures on this plate were draw'u from preparations from spt'cimens in the collection 
and at the various magnifications shown hy the aid of a camera lucida. 

Fig. 20. Tethy^ yiyantea (Sowerby). The median tooth and first two ])leuriil teeth of one 
aide, X 07. 

21. Three pleural teeth from near the middle of the row, x 07, 

22. The six outermost ])leui*al teeth, X 07. 

Fig. 2Ji. Tethyg denimni (8mith). The median tooth and first two plourtil teeth of one side, 

X or. 

24. Three pleurals from near the iniddh* of tlie row, x 07. 

25. The seven outermost pleurals. x 97. 

Fig. 20. Dolahrifera pelsartemis, sp. nov. The median tooth and first two idt ural teeth of 
each side, x 97, 

27, Three pleurals from near the middle of the row, x 97. 

28. • The four outermost pleuraLs, x 97. 

Fig. 29. liertheUa plnmula (Montagu). The two iiiiiennost pleurals, x 25r>. 

30, Two pleurals from near the middle of the row, x 250. 

Fig. 31. IHacobranchus expanse, sp. nov. Three teeth near the inner end of the radula, 
seen from the side, X 190. 

32. A single tooth from near the outer end of the radula, seen from the side, 

X 190. 

33. A single tooth from near the outer end of the radula, seen from above, 

X 190. 

34. A single tooth from the sac, seen from the side to show the relatively small 

size, X 190. 

Fig. 35. Spharostoma dakeniy sp. nov. The jaws, antero-ventral view, x 3. 

36. The jaw, lateral view, X 3. 

37. Two rows of the median tooth and the first pleural tooth on each side, 

X97. 

38. — The four pleurals next to the innermost pleural, x 97. 

39. Three pleurals from near the middle of the row, x 97. 

40. Three outermost pleurals, X 97. 

Fig. 41. M.txiid>rawi1w^ imperudU Kent. The four innermost pleurals, x 70. 

42, — The fourth pleural, side view, x 70. 

48. Three pleurals firom near the middle of the row, x 70. 

44. Four outermost pleurals, X 70. 
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Plate 30. 

All the figures on this plate were drawn from preparations from specimens in the collection 
and at the various magnifications shown by the aid of a camera lucida. 

Fig. 4r). Alloiodorin hedkyi^ sp. nov. The four innermost pleurals, X 97. 

46. Four pleurals from near the middle of the row, X 97. 

47. 'file four outermost pleurals, x 97. 

Fig. 48. ABteronotm fmeus, sp. nov. The three innermost pleurals, x 150. 

49. 'J’hree pleurals from near the middle of the row, X 160. 

60. The five outermost pleurals, x 160. 

Fig. 61. GloHwdonsweBtralietmSfti^.nov, Thefouriniienuostpleurals, lateral aspect, X 162. 

62. 1'hive pleurals from near the middle of the row, lateral aspect, X 162. 

6B. Tliree outermost pleurals, lateral aspect, X 162. 

Fig, 64. AfihelodorU affinis Eliot. Tin? four innernjO>t pleurals, x 160. 

66. Two pleurals from near the middle of tJie row, X 160. 

66. The five outermost pleurals, x 160. 

Fig. 67. CtratoBoma hremeaudatum Abraliam. The four innermost pleurals, x 97. 

68. Four pleurals from near the middle of the row, x 97. 

69. 'J’he live outermost pleurals, x 97. 

Fig, 60. Nemlvotha purpureolitmatay sp. nov. 'flie labial cuticle, lateral aspect, X 10. 

61. The rncliidial tooth and the pleurals of one side, X 97. 

iMg. 62. yttrdineri Eliot. I.abiai cuticle, front view, X 10. 

66. — -- Four inner pleurals, latewil aspect, X 97. 

(jj, f.mj. outermust pleurals, lateral aspect, x 97. 

Fig. 65. SphinvhmtrophuB saccnlafuMf ^p. nov. l)or.sal asp»*et, x 6. D.S. Dorsal sac; 
E.Ji. Line of eggs; E.S. Egar-sac; L.A. Juuteral appendage. 

66, Ventral \iew of thfj mouth-parts, x 62. Tlie parts are somewhat distorted 

by the pressure of the co^er-glass, and the first antenna on the left side of the 
drawing has been turned lbr\vard.«;. 1 A. First antenna ; 2 A. Second antenna ; 
L. Labrum; M. Mandible; I Mp. First maxi llipede ; 2Mp. Second maxilli- 
pede; Mx, First maxilla. 
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The only secondary sexual characters observed were a difference between 
the ventral pygidial plates (VIII sternito) and between the apical margins of 
sternites VII (the 5th visible sternite of systematists) (text-Hg. 1). Beyond 
these characters, unless the ovipositor or the a^deagus is extruded, or a 
pair are found in coition, it is impossible to distinguish the sexes externally, 
size l)eing no guide. 

Trxt-fig. 1. 



Secondary sexual characters of L, brunneun, Male and female ventral pygidial plaU*s. 
ofs, base of outer sheath of ovipositor; VII, 7th sternite; 7/», 7tli pleurito; VllI, 
8th sternite. Camera lueida, X 250. 


In the description of the male genitsil tube the nomenclature of Shar[> and 
Muir (10) is followed, but "in the case of the female reference was made to 
Packard (8), Berlese (2), Henneguy (3), and Stein (11) for terms applied to 
parts homologous to those found in L. brunnem. 

Technique and Methods, 

The technique adopted to prepare the specimens for sectioning was similar 
to that employed by Awati (1). This method gave excellent results. 

Fixation in Carnoy II for 24 hours ; three to four hours after immersion 
in the fixative the head and most of the legs and the elytra and wings were 
cut off. 

Dehydration in two washings of 90 per cent, alcohol, three hours ; two 
washings in absolute alcohol, three hours ; and one hour in a mixture of 
chloroform and absolute alcohol. 

The object was next transferred to chloroform, in which it remained for 
two days ; then into a cold saturated solution of paraiSn-wax (58^0.) in 
chloroform, where it remained for two to tliree days. After this period the 
solution was warmed by standing it on top of the oven for 10 minutes, and 
the object was then transferred into pure molten wax (58^ C.) for five to six 
hours. 
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A block waff prepared in the usual way. The sections were stained in 
Ehrlich^s Haematoxylin (| hr.) and counter-stained in Picro-nigrosin 
(30 secs.). 

Male (Jenital System. 

^ The reproductive organs are shown in PI. 31 . fig. 1, and consist o£ the 
usual parts : testes vnsa deferentia (vd)^ seminal vesicles («r), accessory 
glands (a/;), ejaculatory duct(^J), internal sac, median lobe (/aZ), and tegmen, 
comprising the lateral lobes (//) and basjil piece (A;>). 

There are six testicular follicles of unequal size attached to each vas 
deferens. They occupy a large area in the abdomen from the dorsal to the 
ventral surface, and extend from beyond the basal margin of the abdomen to 
tlie third sternito (PI. 31 . fig. 5). The testicular follicles are white, rounded 
and tapering towards their apex. There is a slight cavity in the centre of 
the base of each, whence, a tube arises which joins the vas deferens, which is 
of variable thickness throughout its length. In repose the vasa deferentia 
are convoluted, in parts superimposed, an<l lie on the ventral surface. The 
vasa deferentia enter the seminal vesicles on their outer ventro-lateral margin 
(PI. 31 . fig. 4). The seminal vesicles are joined on their inner lateral surface 
for the greater part of their length ; they are subcylindrical and rounded at 
their apices. % 

Arising from each seminal vesicle on its inner dorsal margin is a short 
tube ; these tubes meet and form the ejaculatory duct. Superimposed and 
attached to the dorsal surface of each of tlie two short tubes is an accessory 
gland. The accessory glands are subcylindrical and curved, broadest 
towards their base and rounded at their apices. 

The ejaculatory duct gradually tapers from its haso until it enters the 
median lobe through the median foramen {mf), where it becomes hidden from 
view, emptying into the internal sac (/5, PI. 31 . fig. 3). (It was not found 
possible to evaginatc the internal sue, nor to kill a pair of beetles in coition 
with the organs in situ ; but the internal sac was iraced in sections of an 
immature male.) 

The chitinized median lobe, viewed in section, is circular at its base and 
shortly becomes elliptical ; towards its apex there arise on the upper dorsal 
and upper ventral surfaces a carina situated along the centre, with the 
internal sac lying over and on either side of the carina formed on the upper 
ventral surface (PI. 81 # fig. 2) ; the lower or outer ventral surface is convex 
at this point. The median orifice (mo, PL 31 . fig. 3) is situated a little below^ 
the upturned point of the median lobe. ' Inside the median lobe are series of 
.muscles and nerve-fibres (PI. 31 * fig* 2); one series of muscles is situated 
around the internal sac, others are attached to the walls of the lobe. 

Encasing the median lobe on either side are the hderal lobes, which are 
roughly semicircular in section for the greater part of their length; they are 

42 * 
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of a TiDifortn thickness of ohitin except towards their base, where tibe inner 
face becomes thin and flexible. Each lateral lobe contains a gronp of mnsdes 
and nervo-fibres extending to their apices (PI. 31. fig. 2). At their base the 
lateral lobes become joined together ventrally and dorsally : at the latter 
point they join aronnd the point of articulation (/la). Externally the 
median lobe and the lateral lobes bear sensory pits at their apices. 

Enclosing the base of tlie lateral lobes is a thin piece of chitin, the basal 
piece which appears to clip the dorsal edges of the lateral lobes below 
the point of articnlntion. Arising from the surface of the basal piece 
towards its posterior margin is the flexible enveloping integnment of the 
abdomen. 

In sections of a mole the spermatozoa were found in bundles, held 
together at their heads. In balsam mounts of the dissected genitalia these 
bundles could also be seen within the testicular follicles when the organs had 
been stained in hsemalum and indigo-carmine. 

Between the dorsal pygidial plate (<f/>)and the mdeagus is a chitinons tube 
(tfv) which completely envelops the anus (an) and anterior portion of the 
rectum (r) (PI. 31. figs. 2 & .‘1). Each side of the chitinous tube (ei<) 
invaginates to form a pair of stout rods (vr, fig. .‘1). These rods surround 
the oedeagus and abut at their base, which is towards the ventral .surface 
of the abdomen. From the base of the rods there are three primary sets of 
muscles (m). Two of these sets follow the course of the rods and terminate 
around the chitinous tube ; the third set runs between the rods and is attached 
to the enveloping integnment below the base of the oedeagus ; some of these 
muscles appear to be attached to the oedeagus vcntrally. 

From this it would appear that the latter muscles are primarily responsible 
for giving the oedeagus its necessary downward tilt preparatory to coition. 

Following the alimentaiy tract back from the anus (an, PI. 31. fig. 5) is 
the rectum (r), which is quite short and lies dorsal to the oedeagus and 
ejaculatory duct. Beyond the rectum is the colon (rl) lying dorsal to the 
accessoiy glands, part of the ejaculatory duct, and the seminal vesicles. 
Beyond the colon is the ileum, which disappears below the testicular 
follicles and lies towards the ventral surface of the abdomen. There are six 
lualpighian tubes (mp) arising from the ileum, which at this point is lined 
with chitinized setae. Beyond the ileum is the mesenteron (mt), which lies 
in the meta- and mesosternum, where it inclines towards the dorsal surface. 

Arising from between the metathoracic acetabnla (mta) is a ** U ’’-shaped, 
strongly chitinized apodeme (op); the base of the “ U ” arises from the meta- 
sternum (jr), whilst the apices of the arms are held in position by muscles 
attached to tlte metanotum. From inside the u ’’-piece and from its ba te * 
arise two thin chitinous rods (ajpr). These rods traverse the floor of the 
metasternum and terminate above the metathoracic ooxm (me), to whi<^ 
they are attached by radiating masele*'fibres. 
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A pair of glands or sacs (sff) disappearing beneath the oedeagns (oe) are 
shown (PI. 31. figs. 1, 3, & 5). These glands unite and form a short narrow 
duct. When dissected out of a mature beetle the glands and duct areal\^a}'s 
found distended. The duct terminates abruptly between the 7th and 8th 
sternites. In section these glands are seen to be composed of cells containing 
very large nuclei. The function of the glands is not known ; no odour other 
than that of the wood from which the beetles emerged was ever perceived. 
The glands are apparently pygidial glands (Borlese 2). 

Female Genital System. 

The reproductive organs of the female (PI. 32. fig. 1) consist of two 
ovaries (Zo, ro), two oviducts (orf), a paired valve (rZ), a sperniatheca (sp) and 
spermathecal gland and a common oviduct (co) running into the 

sheaths of the “ ovipositor,” which terminates in the bursa copulatrix. In 
addition there is a long flexible cloacal stalk (Zr) Kloakstiel/^ Stein 11) 
and two short rods («r). 

Text-fig. 2. 



A| the ovary of an immature female. the ovary of a mature unfertilized female, 
aemi-diagiammatic. c, calyx; ee, egg-chamber; et, ovarian tube; /, filament; 
to, terminal chamber; re, ripe eggs. Camera lueida^ X 54. 


The ovaries (Zo, ro) of a mature beetle each consist of fourteen ovarian 
tubes {et). Each tube consists of from four to five egg-chambers {ec)j and a 
terminal chamber {to) terminating in a filament (/). The ovarian tubes 
arise from an enlargement of the oviducts-^the calyx (c). The calices act 
as receptaoles for the ripe eggs, which pass into them from the basal egg- 
chambers. In fig. 1 (PI. 32) there are three ripe eggs in the left calyx and 
two in the right. 

It was found that the left ovary was always developed earlier than the right. 
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The ovary of an immature female examined consisted of only ten ovarian 
tnbes (text-fig. 2, A), the other four eventually arising from the apex of the 
calyx and between the existing tubes. The ovary of a mature unfertilized 
female (text-fig. 2, B) shows a considerable enlargement of the calyx, which 
is tightly packed with ripe eggs. 

From the calices the eggs pass along shoii: oviducts into a double-chambered 
valve (r/). Each chamW of the valve is lined with brown chitinized setse * 
with their free ends lying in the same direction as that in which the eggs 
pass {vl^ PI. 32. fig. 4). The chambers of the valve meet to form the 
commencement of the common oviduct, and the seise terminate some distance 
before a valvular duct (vt) leading into the sperma theca enters the common 
oviduct. 

The spermatheca is very large and terminates in a single tube — the 
spermathecal or accessory gland. In fertilized females the size of the 
spermatheca is perceptibly increased. Inside the spermatheca, arising from 
the vontro-lateral surface at the point (psp) v^here it narrow’s, are found a 
series of 27 chitinized setae (s, PI. 32. fig. 3) ; their function is obscure. 
The sporinatozoa are mostly in packets — sperinaioi>hores («/>;>, PI. 32. fig. 4), 
— but a considerable number are found loose in the fluid contents of the 
spermatheca. 

The common oviduct, into which the eggs pass From the valves, is of 
muscular structure, and finally disappears into the ‘‘ovipositor.’^ 

The long flexible cloacal stalk (/r, PI. 32. fig. 2} arises from a point in the 
centre and near the base of the ventral pygidial jilate (ty). The stalk 
extends through the middle of the abdomen into the meta-thorax to a point 
beyond the beginning of the * ovipositor,’’ where its apex enlarges into a 
knob from which two sets of muscle-fibres m*) arise. The set of 
muscles consists of series of bundles of long fibres grouped around the 
“ ovipositor,” and extending from the apex of the cloacal stalk to a point 
between the short rods where they are attached to the outer sheath (ots ) . 
The muscles surround the cloacal stalk to its base, where it is embedded 
in a mass of muscles. In ad<iitiou to the muscles m‘}, there is another 
series (m®), which arise around the beginning of the “ ovipositor ” and com- 
pletely surround the outer sheath, extending for about half its length, at 
which point they are attached to it. Further, there are numerous musole- 
fibres arising from the same point as the (m®) muscles ; these are found 
longitudinally traversing the inside of the inner sheath (ins) of the ‘‘ ovi- 
{M>sitor ” (PI. 34* figs. 4-7). And, in addition, there is a series of oancellate 
muscles lining tiie walls of the distal portion of the “ ovipositor,^ apparently 

In a previous paper, the Method of Oviposiiion Wnd the Egg of brvmmis 

Bteph.” (.Tourn, Linn. 8oc., Zool. xxzv. 1928, p. 217), the writer has stated that it is these 
setSB-lined valves which impart the striations imd process to the deposited eggs< 
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to allow for its expansion during the passage of an egg. Another series of 
innscles (m*) are found, arising from the lateral walls of the spermatheca and 
terminating around the common oviduct at a short distance from its base. 

The common oviduct enters the “ovipositor ” between the wi' muscles. 

When the ovipositor is in repose — as depicted in PI. 32, — it consists of 
two sheaths, the outer or basal portion (ots)^ which is a tranB{)arent tube 
lightly chitinized, and the inner sheath or distal portion (ins), which is a con- 
tinuation of the outer sheath. The two portions join at the point where the 
common oviduct enters. The surface of the distal portion of the “ ovipositor ” 


Text-fig. 3. 



Apex of the ovipositor, ventral, on, anus; br, buren copulatrix; hp, basal piece j 
/r, forked rod; p, vaginal palp; rd, chitinized rod; wt, vaginal orifice. Camera 
lucida, X 128. 

is covered with recumbent brown chitinized setae, wliicli extend as far as the 
bursa copulatrix (4c, text-fig. 3). The apex of the “ ovipositor (text-fig. 3) 
is stoutly chitinized, and consists of paired rounded basal pieces (op), between 
which is the vaginal orifice (vo). Arising from each of the basal pieces is a 
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doable-jointed vaginal palp whioli bears a number of sensory pits. The 
inner lateral faces of the palps are concave. Within each basal piece is a 
short forked rod (/V), and articulating between the prongs of the fork and 
running back some distance is, a chitinized rod (rd) Seitenstuck/' Stein 11). 

The abdominal nerve -ganglion and commissures are not depicted ; the latter 
were only traced to the venter of the spermatheca and to the valve. 

The left top corner of PI. 32. fig. 1 depicts a portion of the mescnteron (ms) 

' terminating in the ileum (2m), from which arise six malpighian tubes (mp). 
The ileum, which is lined with chitinized setse at its junction with the 
mesenteron, is followed by the colon (e2}, which leads into the rectum (r). 
The rectum, which is of muscular structure, is visible for a considerable 
length before it — like the common oviduct — disappears into the “ovipositor.^* 
(In this figure the rectum has been pulled across to the left ; it should lie 
looped over the “ ovipositor and enter from the right as in PI. 33. fig- 2.) 

PI. 34 depicts the “ ovipositor** in section. Figs. 4, 5, 6, and 7 are camera 
lueula drawings of transverse sections from an “immature** female. Fig. 4 
shows the rectum (r) entering the inner sheath (ins) of the ovipositor from 
the right and assuming a position dorsal to the common oviduct (co), which 
enters from under the loft. In fig. 5 the rectum (r) is now dorsal to the 
common oviduct (co), and both are completely enclosed by the inner sheath 
or distal portion (mj) of the “ ovipositor,'* which in turn is eucdosod within 
the outer sheath (ots)» In fig. 6 the rectum (r) is seen emerging through the 
dorsal wall of the distal portion of the “ovipositor’^; whilst in fig. 7 the 
rectum and anus (an) are now free of the inner sheath, which, at this point, 
becomes the integumontal covering of the apex of the coirmion oviduct (co) 
or bursa copulatrix. * 

Fig. 8 is a transverse section through the apex of the “ovipositor** of a 
fertilized female which had began egg-laying. The section is about the* 
lieginning of the vaginal oidfice (ro) ; it shows the stout outer lateral wall of 
the basal pieces (5p) and transverse muscles to allow of expansion. 

Figs. 1,'2, and 3 are partially reconstructed camera lucida drawings of 
longitudinal sections of the “ ovipositor of a fertilized female that had been 
ovipositing. Fig. I shows the junction {jo) of the inner and outer sheaths, 
and the entry of the common oviduct from underneath to the ventral surface 
of the inner sheath and the position of the rectum. Fig. 2 is of a median 
section of the “ovipositor^* showing the rectum convoluted (rc). Fig. 3 is 
a section through that part of the “ ovipositor ’* where the rectum (r) emerges 
through the inner sheath. 

The relative positions occupied by the genitalia and alimentary tract within 
the abdomen, metsi- and mesothorax are depicted in PI. 38* figs. 1, 2, and 3. 
No muscles are shown, as their iwltision would obliterate a large pari of 
these organs. It will be seen that the female possesses an apodeme (ap) of a . 
similar structure to that described in the male. The fige« 1 an4 3 are based . 
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on reconstructions made from a series of longitudinal sections of a fertilized 
female, and depict a left and right lateral view respectively, with the upper- 
most ovary and oviduct removed in each case. Fig. 2 is Imsed on recon- 
structions made from balsam mounts of cleared specimens and from dissections, 
and depicts a dorsal view in which the relatively greater length of the rectum 
(r) of the female in comparison with that of the male (PI. 31. dg. 4, r) is 
made apparent. The. ratio is approximately 30 : 1. 

FI. 32. fig. 2 shows in longitudinal section the dorsal [dp) and ventral (vp) 
pygidial plates with the apex of the ovipositor^' between, and also part of 
the 7th sternite (VII), ». e. the .5th sternitc of systematists. 

The functioning of the parts of the ovipositor a])pear to be as follows : — 

In repose (PI. 32. fig. 1) and ?n* muscles are in a state of con- 

traction, whilst and the longitudinal series within the inner sheath arc in 
a state of expansion. By the contraction of the outer sheath commences 
to collapse, the distal portion to issue from between the pygidial plates and 
drawing with it the inuscxdar rectum and the common oviduct. By the 
simultaneous contraction of the muscles within the inner sbcaih, the outer 
sheath is caused to ovaginaie and issue from between the pygidial plates. 
The outer sheath continues to evagiiiate and issue until brought in check by 
nd muscles. When fully extruded the ovipositor is approximately the 
length of the female. 

The withdrawal of the ovipositor is apparently achieved by the contraction 
of the expanded muscles, aided by the muscular common oviduct, which 
would |)ull back into its position of repose, bringing the distal portion of the 
ovipositor ’’ with it. Simulhineously, the contraction of muscles would 
pull back the basal part of the outer sheath, whilst muscles would draw 
into position the apical portion of the sheath. 

As there are no muscles attached to the ileum, the colon, or the rectum, 
the resumption of the position of repose for this portion of the alimentary 
tract must be solely dependent upon the slight contraction of which the 
muscular rectum is capable — aided by the fixed mesenterx>n — and any 
tension that might be exerted by the ramifications of the trachea. That such 
is apparently the case is shown in PI. 34. fig. 2. Here the rectum is seen 
convoluted — condition that can only be attributed to an imperfect 
musculature. 

Other sections of the same beetle disclosed two other points within the 
ovipositor where the rectum was similarly convoluted. In this condition 
no beetle could defsscate unless it extended its ovipositor,’’ and thus 
straightened the rectum. Whether this is ever done is not known. But us the 
food of these beetles consists of particles of wood, most of which appears in 
the frass never to be broken down, it is possible that penetration of the walls of 
the rectnm and of those of the common oviduct may take place. And it seems 
probable that this defectiveness may be the cause of the death of quite a 
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number of beetles whose ovaries are found to contain a considerable portion 
of their complement of eg^s. It has been observed that many beetles do 
expire with the “ ovipositor extruded — partially in the majority of cases. 

When the distal portion of the ovipositor is gently pulled out by means of 
a fine pair of forceps from a freshly chloroformed beetle, the basal portion is 
seen to extend after the manner of a telescope. 

Females have a gland on each side of the seventh abdominal segment cor- 
related to the glands or sacs described in the male ; and they are of similar 
structure. But in the females they do not meet, and from sections they 
appear to surround the tracheal tranks leading to the seventh abdominal 
spiracles. 

Coition. 

It has been mentioned that efforts to kill pairs in coition with the organs 
in situ failed to disclose more of the internal sac of the male than is shown 
in PI. 31. fig. 2. And from the examination of tlie mdeagus the internal sac 
does not appear to be capable of evagiiiating more than half the length of the 
median lobe (Sharp & Muir 10). 

In coition the beetles are superimposed, and the lateral lobes of the male 
assume an almost perpendicular position to the surface of the wood. As the 
beetles are very fiat, the apices of the lateral lobes come in contact with the 
surface of the wood, and, if the female moves, as is frequently the case, 
the apices of the lateral lobes become bent and covered with particles of dirt 
and dust 

Notes on the Genital System of Ltctvb idNSAnfs Goeze. 

An attempt has been ma'de to carry out a comparative examination of the 
genital system of L. linearis. But no living specimens could be procured, 
and the following remarks are based upon the study of preparations made 
from the remains of the organs of dead beetles. 

Two beetles — both males — were kindly sent by Dr. Hugh Scott, and three 
other specimens— one female and two males — were found in the pupal 
chambers in oak sent from Paris by M. P. Lesiie. The oak was sent under 
the impression that it was infested by the larvsc of this species ; however, as 
no beetles emerged within the normal period, it was broken up and no larvse 
or pupse were found. 

The dead beetles obtained were first soaked for five days in water to which a 
few drops of formaldehyde were added. The specimens were then washed in 
water and dissected. The dissections were treated in tho usual mannmr and 
mounted in balsam. The resulting preparations were moderately successful. 

• From a control point of view, this is of eoasldepible importauioe, tor the traatment of 
the sipface of the wood with aa <daa|^oaB or viscous substance causes the dirt and dust 
,to adhere to sueli an extent as to jam the mdeagoi — ^the lateral hdms become stuck to the 
median lobe, the median oriilce becomes blocked, and the beetle is^ ae a result^ kfiled. 
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One point observed was that the ter^rites of linearis were much more 
strongly chi tinized than in brunneus^ in which they are very flexible and only 
faintly discernible. 

The male. — The (cdeagns was found to agree with the description and 
figures of Sharp and Muir (10), except that the basal margin of the basal 
piece was found to terminate in front of the [loint of articulation, but not so 
far forward us in brwniens. Whether the anterior margin of the basal piece 
clipped around the lateral lobes was not observed, as no sections were made. 
In other respects it was similar, and gave the impression of being a more 
robust structure. 

Nothing was found of the testes, but the position and appearance of the 
remains of the vasa deferentia, seminal vesicles, accessory glands, and ejacula- 
tory duct wore similar to those of brunneus. 

The tw’o rods arising from under the ejaculatory duct as in brunneus^ and 
the “ U ’^-shaped apodeine and apodeinal rods were present. 

The female. — The similarity of the extruded “ovipositor” as seen in dead 
females to that of brunneus has been referred to by others. From the 
preparation made, there w'ere observed the setnolineil valve and what would 
be the spermatheca and common oviduct. Remains of the ovaries were 
present, but the number of ovarian tubes could not be distinguished. The 
ovipositor, in repose, and the apex of the distal portion bore a marked 
similarity to those of brunneus. Further, the cloacul stalk and short rods, and 
the apodcune and apodemal rods were present. 

From the appearance of the “ ovipositor in repose, it seems that the 
alimentary tract must follow a similar course to that of brunneus, 

Obskuvations on Stein’s ^Female Ekproductive Organs in 

UOLEOPTEBA.’ 

Stein (11), in his work on the genital system of Cloleopterous females, 
describes and illustrates the organs of several species which in some par- 
ticulars resemble the organs of brunneus. But this resemblance is so slight 
in most that no comparative deductions can be drawn. There are, however, 
a few points that call for comment. 

The “ ovipositor ” in each of these cases consists of a tube (“ Kloakrohr ”) 
which in repose telescopes approximately one-half within the other, but each 
varies in the appearance of the distal portion. In all cases the “ovi- 
positor ’’ is apparently shorter, in comparison to the length of the insect, than 
that of brunneus and linearis. The rectum, in each of the species referred to, 
enters the inner sheath of the “ovipositor” as in brunneus. The cloaeal 
stalk is found, but it is not clear what distance within the abdomen it 
traverses, and in no cose is there any indication of the short rods. 

In the ease of those females that are closely rtdated systematically to the 
Lyctids, i« e. Anebium punctatum De Geer {pertinaa F., domesticum Fourc., 
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Striatum Ol.)^ boleti Scop.*, the oloaoal stalk, according to Stein, is 

dorsal to the ovipositor,” and it is therefore in a reversed position in 
brunneus and lineans. But in the case of other females somewhat distantly 
related systematically, such as Helops (caraboides Panz.) striatus Fonrc., 
CfSdeinera {vireseens) hirida Marsh, and Cistela fusca^ the cloacul stalk, 
according to the same authority, lies below the “ovipositor,” and, as in 
brunneus and linearis, it arises from the venter. 

It might also be observed that in Anobium punctatum De Geer, Stein 
describes two accessory glands — in the female, of course. One is unpaired 
and the other paired, the former lying ventral to the “ ovipositor ” and the 
latter pair apparently arising from wdthin the inner sheath of the “ ovipositor.” 
Pygidial glands, such as have been found in both sexes of brunneus^ are not 
mentioned by Stein. 

Note on the Morphology of the Apex of the Abdomen in 
Lyctus brunneus Stbph. 

This note is based upon a close study of the sections previously referred to, 
and of a series of balsam mounts of pupje in various stages of developmcmt, 
as well as various preparations made from thb beetles. 


Tkxt-fiq. 4. 



Apex of the abdornsn of three pupCB of L, bruwmu from specimeaa prepared and mounted 
in balsam. A, ventral aspect of a female, early stage of development ; B, dorsal 
aspect of the same, seen through the hack of the slide. G, ventral aapect of a female, 
later stage of development ; 1), dorsal aspect of the same, seen through the back of the 
slide. E, ventral aspect of a mal^ late stage of development ; F, dorsal aspect of the 
same, seen through the hack. of the slide. *^an, anus: jran, genitalia f (fo, gonopore; 
7p, seventh pleurite; 7-10, tergites^ VIX-X, eiomitea. All figuvea tamsra 
outlines, x OQ. 

* onpoituliu^ to Bsaiidiu qpwantoBs of Oft «oMi @e< 9 . kia 
doMtl stalk wai ibunil to be TeatiMl to ^ ovi^oaitor, «• ill AnpNwiM#. 
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Text-fig. 4 depicts the ventral and dorsal aspects of the apex of the abdomen 
of three pupce. From tltese it is apparent that the external appendages of 
the genitalia in both sexes arise from a similar position, L^.on the ninth 
steriiite (TX) and towards the tenth; the gonopore (ffo) lies medianly between 
these appendages, and is situated on the ninth sternite. 

In the female L, //rwmensUw last visible sternite — the fiEth of systemaiists — 
is the true seventh sternite (VII) and corres[tonds with the seventh tergito (7) 
directly above it (PI. 33 . figs. 1 & 3). The pygidium represents part of the 
eighth segment with the cloacal stalk (Ir) an invagination of the eighth 
sternite (VJII), and the paired rods (^r) are lateral invaginations of the 
eighth tergite (8). Tins conclusion is supported by the j)resence of the 
and series of muscdes (PI. 32 . fig* 1), which would seem to be modified 
intersegmental muscles. For the position of attachment of the set is from 
the apex of the cloacal stalk to lateral positions near the beginning of the 
ninth segment — the basal portion of the ‘‘ovipositor”: whilst the m‘^ set, 
which envelop the cloacal stalk, arise from the point of its invagination* 
Moreover, a part of iho muscles enveloping the paii’cd rods (sr, PI. 32 . fig. 1) 
are attached laterally to the l)ase of the ninth segment, whilst the remainder 
of these muscles are attached to the point of invagination o£ each rod. 

The “ovifiositor is, therefore, a doiihlo Uilmlar prolongation of the ninth 
segment, tergites and sternites being indistiiiguishahle. Whether the trans- 
parent and setje-lcss basal })ortion of the “ovipositor” re[n*esents a pro- 
longation of the “soft membrane between segments 8 and 9, is not 
manifest. Intersegniontal membrane is not manifest anywhere else. And, 
conversol}', with regard to the sctaj-covered distal portion of tlio “ovipositor,^' 
seta? are not manifest on any tergite hut the seventh. 

The apex of the ovipositor bears the an'us dorsally between the fused and 
reduc(jd tenth tergito and sternite, and it carries the genitalia on the ninth 
sternite beyond the anus. 

In the male (PI. 31 . figs. 2 & 3) the last visible sternite is the seventh, as 
in the female ; and likewise the pygidium represents the eighth segment 
The ninth tergite and sternite are not solidlj" chitinized, and are invaginated 
and fused at their beginning to form the lumen enclosing the (jodeagus and 
the anus, the latter being enveloped in a tube (^r, tig. 3) formed by the 
fused tenth tergite and sternite, us in the female. The invaginated ninth 
segment, the sternal jiortion of which is invaginated more than the tergal 
portion, shortly evaginates. Then the tergal portion joins the tergal portion 
of the tube [ev (10), fig. 3] ; whilst the sternal portion, in w^hich the gonopore 
is situated medianly, eventually joins the sternal portion of the tube (X, 
fig, 2). The ninth sternite is })rolongod around the gonopore to form the 
extrasible membranous tube carrying the cedeagus, to which it is attached, as 
previously stated,* around the basal piece. The paired rods (vr, figs. 1 & 3) 
that project into the abdomen from the tube {ep) are invaginations of the 
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tenth segment, and the three sets of muscles associated with these paired rods 
are also intersegmental muscles. The lateral sets following the course of the 
rods represent the muscles of the tenth sternite and tergite^^ whilst the median 
set represent those of the tenth and ninth sternite. 

The homology between the genitalia of the sexes seems apparent (text- 
figs. 3 & 4 and PI. 31. figs. 1 & 3). The sensory-pitted iin jointed lateral 
lobes homologize with the sensory-pitted jointed vaginal palps ; the basal 
pieces correspond ; and the evaginated median lobe and extrusible internal 
sac homologize with the internal forked rods — seitenstnek’^ — and invaginated 
uterus. The analogy of their functions is obvious. 

In the larva of L. bmmrmLS there are nine pairs of spiracles ; one prothoracic 
and eight abdominal pairs. In the adult there are nine pairs of spiracles : 
one prothoracic, one metathoracic — on the soft integument below the wing- 
bases — and seven abdominal pairs. 

Summary. 

Both sexes in L. hrunneus are sepcnally mature when they have emerged 
through the wood from their pupal chambers. An external sex-character is 
described. 

In the male the reproductive organs consist of two, testes of twelve 
pyriform testicular follicles of unequal size, .six arising fi'om each convoluted 
vas deferens, which terminate in a pair of jointed snbcylindrical seminal 
vesicles. A short tube arises from each seminal vesicle, and forms the 
ejaculatory duct which empties into the aadeagus. Partly superimposed over 
the seminal vesicles and emptying into the short tubes are tiie paired 
accessory glands. They are snbcylindrical, slightly tapering, and are curved 
around to underneath the ejaculatory duct. There i.s a pair of pygidial 
glands. 

In the female the reproductive orgaii.s consist of two ovaries, each com- 
posed of fourteen ovarian tubes with the nutritive cells situated at their 
apices. The ripe eggs accumulate in a calyx which continues to form the 
oviduct. The oviducts terminate in a chitiiiized setse-liiied paired valve 
which forms the source of the common oviduct. At this point the voluminous 
spermatheca arises ; it terminates in a tubular spermatbecal or accessory 
gland. The common oviduct disappears into the invaginated double tubular 
“ovipositor’’ at a point in the metathorax, where the rectum also enters. 

In the testicular follicles the spermatozoa are in bundles, in the spenna- 
fbeca they are in packets or spermatophores. 

The ovipositor has been found to consist of a double tubular prolongation 
of the ninth abdominal segment, with a reduced tenth segineitt towards the 
apex. When extruded the ** ovipositor ie approximately the length ef 
the beetle. Situated at the apex of the ovipositor are the genitalia with 
the anus a short distance behind. 
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Arising as an invagination of the eighth siernito and extending into the 
inotathorax is the long, flexible, and strongly-chitinized cloacal stalk, from 
Avliicli arise systems of muscles for exserting and withdrawing the ovipositor. 
These muscles are found to ho modified intersegmental muscdes. 

Morphologically tho gonopore in both sexes was found to arise medianly 
on the ninth siernite, and the homology of tho genitalia appears. 

In the larva of L. hrunneHS there are nine pairs of spiracles, one thoracic 
and eight abdominal ; in the adult there are also nine pairs, two thoracic and 
seven abdominal. 

The movement which the rectum of the female is subjected to has been 
observed to be injurious to this organ, in that, lacking any musculatory 
system for its withdrawal, other than its muscular structure, it was found 
convoluted inside tho “ovipositor^' of an egg-laying specimen. This 
defectiveness must acoelerato death. 
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EXPLANATION OF THE PLATES. 

Plate 31. 

Fig. 1. Male genitalia. Semi-diagiammatic. X eirea 51. 

Fig. 2. Transverse section (slightly oblique) through apex of abdomen of immature male. 

xioo. • 

Fig. 3. Right lateral aspect of apex of male, abdomen, x 114. 

Fig. 4. IJiagrammatic ventral aspect of seminal vesicles, 8006080 x 7 glands and their junction 
with branched ejaculatory duct, x circa 51. 

fig. 5. Diagrammatic dorsal aspect of genitalia and alimentary tract in situ. Greatly 
magnided. " 

Plate 32. 

Fig. 1. Female genitalia {camera hudda) and part of alimentaiy tract (partly diagrammatic). 
X 61. 

Fig. 2. Longitudinal section through apex of female’s abdomen, x 384. 

Fig. 3. Transverse section through spermatheca. C. L X 384. 

Fig. 4. Longitudinal section through base of spermatheca and valves of oviduct. C, /. 
X 884. 

Plats 36 

t 

Arrangement in situ of genitalia and tJimentaiy tract of female. 

Partly reconstructed from sections and partly diagrammatic. Greatly magniiied. 

Fig. 1. Left Lateral view. Position of repose. 

Fig. 2. Dorsal view. Position of r^se. 

Fig. 8. Bight lateral view. Position when ovipontor extruded. 

Plats 34. 

fig. ], Longitudinal section through ovipositor at junction of inner and outer sheaths. 

Fig. 2. Longitudinal section through mi^le of ovipositor, showing rectum convoluted. 

Fig. 3. Longitudinal section through ovipositor, showing rectum and common oviduct 
separating. 

Fig. 4. Transverse section of ovipositor at junction .of inner and outer dieatbs. 

Fig. 5. Transverse section <rf middle of ^vippsitor. 

Fig. 8. Transverse section of orripoeitoiv ahpwii^ rectum and common oviduct separating. 
Fig« 7. .Transverse section of pvipontor ^Ao^ng anus f^,;.and common oviduct completdy 
enclosed by inner shea^. ' , . 

Fig. 8.*.Tran8verse section through 

. ^Figs. L % And 8 are of a maturd ftrtlBi^ femali. Part h and portly reopnstmctedr 
Figs. 4, 5, 6, and 7 are of an A L 6 is of a iertilioed female, 

m AB figures X 840.) . 
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Reference Lettering. 

accessory gland ; age^ junction of accessory gland and ejaculatory duct; <m, anus; 
a9g^ liporture of secreting glands ; apodeme ; rod of apodetue ; bc^ bursa copulatrix ; 
boi7, basal portion of ovipositor : bp^ basal piece ; e, calyx ; W, colon ; co, common oviduct ; 
etHf commissure ; d, dorsal ; dojf, distal portion of ovipositor ; dp^ dorsal pygidial plates (8th 
tergite) ; dr, dorsal rod ; ec, egg-cbambers ; ejaculatory duct ; el, elytron ; §t, ovarian 
tubes ; ev, enveloping sheath ; /, filament ; in, intoguinental sheath ; ins, inner sheath of 
ovipositor: is, internal sac ; junction of ejaculatory duct; junction of outer and inner 
sheaths of ovipositor ; ll, lateral lobes ; hn, ileum ; lo, left ovary ; Ir, cloacal stalk ; Isp, 
loose spermatozoa; ni, muscles; sets of muscles; ma, mesothoracic acetabula; 

me, mesothoracic coxa : mf, median foramen ; ml, median lohe ; mo, median orifice ; 
mp, malpighian tubes ; ms, niesenteron ; msl, mesothoracic leg ; mta, metathoracic aceta- ' 
hula; mtc, metathoracic coxa; mil, metathoracic leg; mx, suture between meso- and 
nietasternum ; n, abdominal nerve-ganglion ; otl, 'oviduct ; oe, oedeagus ; op, 2-joiuted 
vaginal palp of ovipositor ; ot§, outer sheath of ovipositor ; ovp, ovipositor ; p, palp ; 
pa, point of articulation ; pi, prothoracic leg ; pr, point of exTrusion of anus ; psp, setss 
inside spermatheca ; q, metasteriium ; qe, epistemum of metastomum ’; r, rectum ; rc, con- 
voluted rectum; ro, right ovary; s, setae ; secreting glands; sp, spermatheca; spy, 
spermathecal gland ; spp, packets of spermatozoa (spermatophores) ; sr, short rod ; st, branch 
of ejaculatory duct ; stm, stomodeum ; sv, seminal vesicle ; tc, terminal chamber ; U, testes ; 
r, ventral ; vd^ van deferens ; vo, vaginal orifice ; vp, ventral pygidial plate (Vlll sternite) ; 
vr, ventral rode : vt, valvular duct; to, wing; 1-10 tergites, 1-X sternites. 
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The Foraminifera of Lord Howe Island, South Pacific. 

By E. Hkron-Allen, F.R.S., F.L.S., and A. Eabland, F.R.M.S. 

(PI.ATKS 35 - 37 .) 

t 

[Head 2l8t June, 192'^.] 

The highly interesting material wliich forms the subject of the present 
Monograph was collected by Prof, R. Douglas Laurie during the visit of the 
British Association to Australia in 1914. We may quote his own description, 
which is as follows: — consists of material taken from between tide- 
mark at ^ Middle Beach " on the east side of the Island, which is the exposed 
side, L e. without a coral reef. There is a little coral to be seen growing on 
this shore at low tide, l>ut on the other — on the west side of the Island — is a 
coral reef quite w*eil developed and protecting a lagoon, about a mile from 
the land. 

‘^Middle Beach, observation spot; Lat. 31° 31' 3U'' S., Long. 159° 15' 
28" B. 

“ Lord Howe Island is the most southerly Pacific Island with a coral reef, 
Norfolk Island, though about 2° 30' further north, has none, nor is there on«* 
on the Australian Pacific coast at similar lufitude. 

The wdiole of the material was collected from one small beach ; from 
two different levels. 58 6, hardened coral sand and weed from rock-pools at 
lower half of the beach ; 58 c, loose surface coral sand to an approximate 
depth of i inch, from three-quarter high-tide line.'’ 

Prof. Laurie sent us a preliminary sample, with a view to ascertaining the 
value of the materia], from 58 e, and, this having promised excellent results, 
he subsequently sent us seven bottles, which may be described as follows : — 

No. 1, In 70 alcohol. This had never been dried. (586.) 

„ 2 & 3. „ „ This had been previously dried at 50° C. These 

yielded about 10 cc. of floatings.” Much byssus and organic 
material. Many species in the finer siftings, and notable specimens of 
Nuheeularia hradyi^ N. schauimlandi^ and Disewhina polyntomelhides 
in the coarser grades. 

,, 4. A small bottle containing OrhiioUtes only ; ranging from minute speci- 
mens up to individuals 6 mm. in diameter. Dried without heat. (58 6.) 

„ 5. Similar material in 70 % alcohol. Never dried. (586.) 

6. A single dried specimen of Orbtiolites emplanata^ with the monstrous 
rectangular secondary outgrowth. (From 58 6.) 


43 * 
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No. 7. The roaiduo of the preliminary sample from 58 e, dried without heat. This 
material was coarse, and yielded practically no “ Hoatings,” the •Fora- 
minifora being a good deal worn. It consisted largely of Orbitoliies 
and TinoporuH {Baeulogypsina splmrulata) with about twenty other 
species of robust types, among which AmphhUgina lusonii^ Ttoeiularm 
agglutinam^ and its ally Baddonia torreHeniia were prominent. 

Perhaps the most notable feature of the gatherings was the presence of 
two genera new to science, Diffusilina and CratemteSs which are fully 
described and figured in this monograph. 

Another very noteworthy and interesting feature was the profuse occur- 
rence of species in the reproductive stages, both by viviparity and ** budding.’* 
We have called attention, in our notes, to Huhemlaria luctfuga, Spirillina 
campanula (sp. nov.), .lytscorhina tabernacularis, Ogpsina inluprenjtg and others, 
containing young brood in the cavity of the test, resulting from the absorption 
of the internal septa. Beyond this, certain species (e. g., BuUmina eUgan- 
ticdma) exhibited unquestionable evidence of the reproduction by budding ’* 
From the aperture, described at length and illustrated by Heron-Alien in the 
Phil. Trans, of the Boyal Society (H-A. 1915, RPF.). 

Among the 199 species and varieties described from the material sub- 
mitted to ns, seven are now to science. Perhaps the most noteworthy 
species, beyond these, are Hubeeularia schauimla7idi^ Miliolma kerhnfjattca^ 
Af. stelUgera, Fhcherhia fiellueidaj Iridia diaphana, IJaddonia tm^renendsy 
Frondimlaria 9 cotiiiy Lhigerina schegensUj Ramnlina gnmaldiiy and JHsrorbina 
reniformU. 

We may be allowed to sajr that we have never had material submitted to 
ns which has been more carefully collected and preserved for examination. 
Our onlj' regret is that it should have been collected from reefiess areas only. 
No complete study of the foraininiferal fauna of the Island can be made 
under such reservation. The material shows that a large proportion of the 
specimens are not of local origin, but arc more or less water-worn shells 
which have travelled some distance. The more perfect specimens, of local 
origin, arc, in the case of a number of species, rather small and pauperate, 
probably evidencing existence under difficulties, due, no doubt, to paucity of 
food on the exposed side of the Island. A collection made on the eastern 
side of the Island, among the reefs and in the still waters of the Lagoon, 
would probably have yielded a much longer list. 

The general facies of the foraminiferal fanna is, of course, sub-tropical 
and of the Indo-Polynesian type. Many of the species recorded have a wide 
range, from East Africa, through the Malay and Australasian Seas, to the 
Pacific. Perhaps the most significant feature is the marked rari^ of certain 
genera which might reasonably have ^expected to occur in abundance, 
e-g., Hauerituiy Peneroplie^ AlveoHm^ Pofytremay OpercuUnay 
and so on, and the entire absence of many typical species which ^ should 
have expected to find in such latiindui Mid in such conditions. 
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Snb-Kingdom PROTOZOA. 

(Uass BHIZOPODA. 

Order PORAMINIPERA. 

Family MlLlOLlDiE. 

Sub-family N u b b c u l a u 1 1 n Ai. 

Nubbculauia l>ef ranee. 

1. NiiBKcrLAHiA LUCTFroA Defrance. (J^l. 35. fig. 1.) 

JSahecalana lacifuya Deliauce, 1826, Diet. Sci. Nat. vol. azxv. p. 210 ; Atlas 
Zooph. ]il. 44. iig. «4. 

Brady, JH84, IV. p. 134, pi. 1. figs. 9 1(5. 

„ „ Cushman, 11*10, etc., FNP. 1917, p. 41, jd. 8. fig. (5. 

Fioquent, but not \ery typical, tli«»piaying a tendency to run into .straight 
lines of chambers. Tn one specimen the broken final chamber shows bat 
is apparently a young individual fitting elosol} into the eonfoimation (d’ the 
eliamber. The } oung specimen consists of four inflated chamberlets arranged 
on a rotaline plan. The surface appears to be pitted, but not jierlorate. 
Texture very thin and delicate. 

2. NrBEClM.ARlA BKADYl Mlleft. 

Nulifctflana inflata Brady, 1884, FC. p. 136, pi. 1. figs. 6-8. 

„ hradyi (nom. nor.) Millett, 189b, etc., FM. 1898, p. 261, pi. 6. 
fig. 6. 

., „ Horon-.Vllen & Earlaud, 1914-16, FKA. p. 6«>0, pi. 40. 

figs. 8-10. 

Abundant and very variable. 

3. NuBKOULAiiiA SCHAUINSLANDJ {Rhumbler). (FI. 35. fig>. 2-.>.) 

MilioUna eoJMUimlandi Ithumbler, 1906, FLC. p. 41, pL 3. figb. 2C*, 21. 

QuinquelocidiTux „ Cushman, 1910, etc., FNP. 19J 7, p. 66, pi. 8. figs. 7, 8 
{after Khumbler). 

Frequent and very variable. Tlie test, .so far as extcrniil appesiranees go, 
starts with a perfectly normal and well-developed individual comparable 
with Miliolina rotunda or M. labiosa, followed by a straight or curving series 
of irregularly formed chambers terminating in a large, gaping, irregular 
orifice, narrowed down by a vuriabh^ number of projecting teeth, it apjiears 
to be nothing more than a strongly-developed Sitbeeularia bradyi^ and is 
certainly much more closely allied to that form than to the miliolino series of 
the initial chambers. The more regularly shaped specimens suggest Sevillina 
errronata (Millett), but are very different from 8idebottom^s specimens 
(Manchester Mom. vol. xlix. 1905, No. Llj, the type^ oi which are 
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in oar colleolion. The points of difference lie in the extremely regalsr 
disposition of the chambers in Nevillina, and particularly in the distinctive 
urown-like aperture. Millett's original type-specimen of BiloeuUna eoronatoj 
which is also in our collection, is, on the contrary, much more likely to be 
referable to Nuhecularia tehauintlandi than to Nevillina eoronata, its only 
point of identity with ^evilUna being the fact that the projecting teetii 
round the aperture actually meet and coalesce instead of remaining distinct 
and separate as in Nvbemlana tchauimlaiidi. Otherwise the whole structure 
and appearance of the specimen is distinctly nubeenlarine and has no feature 
in common with Nevillina coronata. 


Sub-family Miliolininjc. 

BilocUHNA d'OrUgny. ' 

4. Biloouuna binobns, var. stbiolata Brady. 

Jiiloadina rinyetu, var. ttriolata Brady, 1884, FC. p. 143, pi. 3. figs. 7, 8. 

„ „ „ Millott, 1898, etc.,FM. 1888, p. 202, pi. 5. 

fig. 8. 

M » » Heron- Allen & Karland, 1914-15, FKA. 

p. 561. 

Rare. The specimens agree entirely with Brady's description and figure. 

5. Bilooulina sarsi Sehlumherger. 

Biloeuliw sarsi Schlupiberger, 1891, B6F. p. 166, pi. 9. tigs. .'>5-59, text- 
figs. 10-12. 

„ „ Cushman, 1921, FP. p. 471, pi. 07. fig. 1, text-fig. 48. 

Bare. The specimens are fairly large and distinctive. 

6. Bilooulina dxpkessa d*OrUgny. 

BilocuKna depressa d’Orbigny, 1826, TMC. p. 298, no. 7 ; Modele, no. 91. 

„ „ Brady, 1884, FC. p. 146, pi. 2. figs. 12, 16-17 ; pi. 3. 

figs. 1, 2. 

Very rare. 

7. Bilooulina lxpbessa, var. sxkbata Bailey. 

SUoeulim deprtua, var. serrata Bail^-, 1861 , New Spp. Mior. 0^. Para Biver, 

S. America. Boston Joura. Nat. Hist, 
vol. vii. p. 360, pi. 8. fig. E. 

» » M Cushman, 1910, etc., FNP. 1917, p. 76, pL 29. 

fig. 2. ‘ 

A single specimen, the serration being confined to the abonil half of tho 
^ell. 
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8. Biloculina rlongata d'Orbigny. 

BihenUna elongata cVOrbigiiy, 182(5, TMC. p. 2J58, no. 4. 
n „ Brady, 1884, FO. p. 141, pi. 2. iig. U. 

„ Jlerou-Alleii & E«irlaiid, 1913, Cl. p. 22, pi. 1. fig. 4. 

V ery rare, but fairly iypuial. 

9. Bilooolina opposita Deshiiyes. 

BiloeitUna oyjmita Dosha} os, 1831, CCT. p. 252, )d. 3. tigs. 8-10. 

„ „ Broun, 1837, L(l. p. 1 143, pi. 42. tig. 30. 

(Eiieyel. Methodiqiic, vol. ii. p. 138, jUU Broun.) 

„ iMonga d*Orbigiiy, 1839, FC, p. 103, pi. 8. tigs. 21-23. 

Throe r>inull but distinctive speciinoiis which agree ruinarkubly well with 
Deshavob’ figures, except us regyrds the tooth, which is not strongly furcate 
as in his spcciinen.s, but less prominent us in d'Orbigny's li. ohlonga^ wdiich 
is, in other rf'^piicts, ithniticul with Dcshayes^ earlier figure. This form may 
be regarded a- an abbreviated and intiated variety of B. elongata. 


SpikoLoci UNA tfOrhiyiiii. 

10 . SnwoUK ruN \ antillarvm iVorhlun/. 

i^piriihci^lltnt (mtiUaraui d’Orhigny, 1839, F(’. p. 1(50, pi. 9. tigs. 3, 4. 

,, „ Brady, 1884, FC, p. 155, ]»1. 10. fig, 21. 

„ ., Hcroii-Allcn A Kurland, 1908, etc., SB. 1911, p. 301. 

Abundant, (hie of the most typical forms in the gathering. The final 
jiair of chain hers is u«*ually <o turgid i\< almost to enelo*«e all the preceding 
chamber.*^. 

11. SpjUOLOCULlNA CAN.VLlOrLATA ( h'bigntf. 

Sph'olocidina vauaJicidata d’Orbigny, 1840, FFW p. 209, pi. 1(5. Hgs. 10 12. 

„ „ Jones, Parker, & Brady, 18(5(5, etc., MCF. p. 16 

pi. 3. tigh. 39, 40. 

„ „ Cushiuaii, 1921, FP. p. 395, pi. 80. tig. 3. 

Very rare and weak, and exhibiting a tendency to sejiaration of the 
chambers, so as to leave lacuna' betiireen the adjacent chambers, as in 
S, aeutiniargo Brady. 

12. Spirolocitlina planulata {Lamarck). 

Miliolitea planvlata liumarck, 1804, AM. p. 352, no. 4. 

8pii*ohcuKna „ Brady, 1884, FC. p. 148, pb 9. fig. II. 

„ „ Heron- Allen & Kurland, 1914-15, FKA. p. 555. 

A singio large speoimon which on one side is plane and on the other feebly 
costate, a variation referred to in I^KA. (nt nupra). 
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13. SPIK 01 i 00 in.INA TENblBOSTBA Kamr, (PI. 86. figs. 6, 7.) . 

Sjpiroloeulina tenuirostra Kaner, 1867, FO. p. 358, {4. 2. fig. 5. 

„ aeutimargo Brady, 1884, FC. p. 154, pL 10. fig. 14 (only). 

„ „ Egger, 1893, FO. p. 222, pi. 1. figs. 26-28. 

A single specimen, identical with £gger’s figure of S. aeutimargo Brady. 
Under this name Brady figures three distinctive forms. Fig. 12 is clearly 
S, a^Uea Terquem. Figs. 13 and 15 are what we may regard as 8, aeutimargo 
proper. Fig. 14 is a quite distinctive little shell which Cushman (0. 1921, 
FP. p. 398), under 8, aeutimargo^ attributes to the genus Matsilina, It is the 
same as Fgger’s figure and is in our opinion attributable to 8. temiirottra 
Karrer, the distinctive features of which are a sharp angular edge to the thin 
embracing chambers, almost meeting over the faces of the shell. In our 
specimen the embracing character is so marked that the two final chambers 
with their flanges envelop the entire face, and the separate chambers are only 
visible where the surface of the test is abraded. We have observed this form 
in many tropical coral sands. 

Miliolina Williamson. 

14. MlLlOLlNA CIBCULABIS {Bomemann). 

Trdoeulina eireularis Bomemann, 1855, FSH. p. 349, pi. 19. fig. 4. 

JUiliolitia „ Brady, 1884, FO. p. 169, pL 4. fig. 3 ; pi. v. (igs. 13, 14 (?). 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 557. 

Abundant, and very variable in size. Both biloculine and trilocnline forms, 
as figured by Millett (M. 1898, etc., PM. 1898, p. 499, pi. 11. figs. 1-3), the 
biloculine being relatively rare. 

15. MiUOUKA VALVULABI.S (Reuss). 

TrUoeulina valvidaris Beuss, 1851, FSUB. p. 86, pi. 7. fig. 56. 

MiUolina „ Brady, 1884, FC. p. 161, pi. 4. figs. 4, 5. 

„ „ Heron-Alien & Earland, 1913, 01. p. 27. 

Fairly frequent, but small. 

Ifi. Miliouna DILATATA (d'Orhigny). 

QuinqudoeuUna dUatata d’Orbigny, 1839, FC. p. 192, pi. 11. figs. 28-30. 

>, „ Bchlnmberger, 1893, HGH. p. 75, text-figs. 29, 30, 

pL 8. figs. 70-74 ; pi. 4. figs. 87-90. 

MUiolitM „ Eeron-AUen & Earland, 1914-16, FEA. p. 659. 

Two large characteristic individuals. 

17. Miliouna labiosa (d*dri^g). 

TriheuUm labiosa d’Orbigny, 1889, FC. p. 178, pL 10. figs. 12-14. 

MiUolina „ Brady, 1^4, FC, 170, pi. 6. figs. 8-6. 

„ „ Millett, ISfeS. etc., FM. 1898, p. 502, pL 11. figs. 8, 9. 

Hare, bat typical. ' - 



{THB rOKAMINlFKUA OF LOKD HOWE ISLAND. 


605 


18. Mxliolina subrotunda [Montagu). 

Vermiculum mhrotundtmi Montagu, 1803, TB. pt. 2, p. 521. 

MilioUiw mhrotunda Brady, 1884, FC. p. 168, pi. 5. figs. 10, 11. 

Frequent and small. 

19. MiLlOLlNA SEMIN U DA [JieuSS). 

QuinqttflocnUna tseminuda Beuss, 1806, FABS. p. 126, pi. 1. fig. 11. 

Miliolina iuhrotunda (Montagu ),var., Wright, 1886--6, BLP. p. 319, p. 26. fig. 6. 
„ sefininuda Heron-Alien & Earlaiid, 1014- 15, FKA. p. 660. 

Not uncommon, variable in the number of strise, which tend to spread over 
the entire surface of tho shell, thus linking the species with M. webhiana 
(d’Orb.). 

20. Miliolina webbiana (iPOrUgng). 

* THlomdina webhiana d’Orbigny, 1839, FlU, p. 140. pi. 3. figs. 13-15. 
MiHolina fichieliana Brady, 1884, FC. p. 169, ph 4. fig. 9. 

„ euhwbicuhtrie Millett, 1898, etc., FM. 1898, 502, pi. 11. fig. 13. 

„ webbiana Heron-Alien & Earlaud, 1914-15, FKA. p. 560. 

Rare. 

21. Miliolina tjogonula {Lamarck). 

MUialifes ingonula Lamarck, 1804, AM. vol. v. p. 351, no. 3. 

Tnlocnliwi „ d'Orbigiiy, 1826, TMC. p. 299, pi. 16, figs. 5-9; Modtde, 
no. Vi3. 

Miliolina „ Brady, 1884, FC. p. 164, pi. 3. figs. 14-16. 

Frequent. All the sfiecimcns are of the very elongate t\ pe, comparable 
with M. afiinis (d’Orb.) (F. 1905, SOM. p. 59, pi. 1. fig. 2). 

22. Miliolina tiucarinata (iVOrbigny). 

TrUoealina tricarinata d’Orbiguy, 1826, TMC. p. 299. no 7 ; Modele, no. 94. 
Miliolina „ Brady, 1884, FC. p. 165, pi. 3. fig. 17. 

TrilocuUna „ Cushman, 1921, FF. p. 454, tigs. 35, 36. 

Rare. Both long and short forms occur. 

23. Miliolina bertheliniana Brady. 

Miliolina beriheliniana Brady, 1884, FC. p. 166, pi. 114. fig. 2. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 563, 

pi. 41. figs. 32-35. 

Very rare. Both long and short forms occur. 

24. Miliolina oultrata Brady. 

Miliolina oultrata Brady, 1879, etc., BRC. 1881, p. 45. 

„ „ Brady, 1884, FC. 161, pi. 5. figs. 1, 2. 

f» „ Heron-Alien & Earland, 1914-15, FKA. p. 564, pi. 42. 

figs. 1-19. 

A single very long and delicate individual. 
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25. Miuouka B 08 C 1 ANA {d^Orbigny). 

Quinqueloeulina hoseiana d'Orbigny, 1839, FC. p. 191, pi. 11. figs. 22-24. 
Miliolina „ MiUetfc, 1898, eiiO., FM. 1898, p. 267, pi. 6. fig. 1. 

„ „ Heron- AUen & Earland, 1914-16, FKA. p. 666. 

Small, but not uncommon. 

26. Miuouka oblokga {Montagu). 

Vermicvhkm Montagu, 1803, TB. p. 522, pi. 14. fig. 9. 

Miliolitm Moniga Brady. 1884, FC. p, 100, pi. 5. fig. 4. 

„ „ Heron -Allen & Karlaiid, 1914 15, FKA. p. 666. 

Not uncoiiinion. Jioth the hquare ami tin* rounded types occur, the 
rounded predominating. One of the latter is characterized hy a long stopper- 
like tooth, such as we noted from Olare island ( IL-A. & IS. 1913, < )1. p. 26). 

27. Miuouka kotukda (iVOMguy). 

Trilocvlina roivmda d'Orbiguy, 1826, TM(7. p. 290, no. 4. 

Miliolina „ Millett, 1898, etc., FM. 1898, p. 267, pi. 5. figs. 16, 16. 

„ „ Heron>Al1en & Earland, 1914-15. FKA. p. 56S, pi. 42. 

figs. 27-410. 

Two distinct forms occur, one moderatel^V frequent of the triloculine type 
figured by Millett {^ai mpra)^ the other of the distinctive d^Url)ign\an t\pc. 
largo, thick-shelled, and finely striate. 

28. Miuouka vulgabih {dOrUgny). 

Quinguelocidina vulgaris d’Orbiguy. J826. TMC. p. 302, no. 33. 

„ „ * Hchlumberger, 1893, MGM. p. 65, pi. 2. tigs. 66, 66, 

& uoodcuts 13, 14. 

Miliolina vulgaris Heron-Alien & Earland, lffl4- 16, FKA. p. 569. 

Large, typical, and frequent. 

29. Miuouka sbminitlum 

Serpula seminulum Linnc, 1767, HN. p. 1264, no. 791. 

Miliolina „ Brady, 1884, FC. p. 157. pi. 6. fig. 6. 

„ „ Heron> Allen Jk Earland, 1914-15, FKA. p. 569. 

Common. Varying greatly in size and occasionally reaching very large 
dimensions. 

30. Miuouka (Tbiloculina) lbsvigata (d^Orbigny). 

TriheuUna lan/igaia d’Orbigny, 1826, THO. p, 300, no. 15. 

» Texquem, 1878, FBP. p. 57, pi. 5. (10) figs. 20-21. 

„ „ Bchlumberger, 1893, MOM. p. 205, pi. 1. figs. 46-47. 

„ „ Heron-Alien it Earland, 1922, FQA. pi. 1. figs. 1 i-14. 

Two quite typical specimens. The aurface-teature is rather rough. 
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31. MiLIOLINA TRIANUULAKIS (c2’Or%n^). 

Quinqueloculina triangularis d’Orbigny, 1^26, TMC. ]>. ti02, no. »34; 1840, 

FFV. p. 288, pi. 18. %8. 7 9. 

MiltdUna „ Jones, Parker, & Brady, 1860, etc., MFC. L89o, 

p. 118. pi. 4. tig. 1, and pi. 6. ligH. 2, a-h. 

Typical specimens, ilure. 

32. MiLIOLINA AUBKIIIANA {(V Orbiyny). 

QuitKiaeloculiiia aaheriaua d’Orbigii}, 1889, FC. p. 198, pi, 12. figb. 1-3. 
MiNoUm „ Brady, 1884, FC. p. 162, pi. 5. tigs. 8, 9. 

„ „ Heron- Allen & Earlaud, 1914-15, FKA. p. 571. 

(Jominoii and generally biuull. Large and typical spc^ciniens are rare. 

33. MiLIOLINA AUBEBIANA, Var. BEMIBErK ULATA, nov. (FI. 35. HgS. 8-10.) 
Haying the cliaracteribtic form of J/. auhertana, but with the peripheral 

margins of the chambers reticulated. Cushman^ J/. Lerimhatiru^ var. philips 
pinensis ((^ 1921, FP. p. 438, pi. 89. iigb. 2, 3) is a similar iorm, but tlie 
periphery and median wing are rounded instead of sharp as in Al, auOeriana. 

34. MiLIOLINA crviEttiANA {tV i hhignp) . 

Qaint/ueloculina cnvieriana d’Orbigiiy, 1839, F('. p. 190, pi. 11. tias. 19-21. 
Miliolim „ Brady, 1884, FC. p. 102, pi. 5. tig. 12. 

„ „ Heron-Alien & Karlaud, 1914-15, FKA. j». 571, 

})1. 42. tigs. 33 30. 

One weak specimen. 

35. MiLIOLINA BICOSTA TA {(V Orhiting), 

QuinquehcuUna bicosiata d'Orbigiiy, 18.39, FC. p. 195, pi. 12. tigs. 8-10. 
MUiolina bicostata Coes, 1894, ASP\ ]). 112, pi. 20. tig. 855. 

„ „ Heron-Alien & Earland, 1914 15, FKA. p. 572, pi. 42. 

figs. 42-45. 

Large and well-developed and fairly frequent. The specimens differ from 
the Kerimha individuals in the aperture, which is normal, round, and furnished 
with the usual tooth, agreeing in thes<' respects with the figure of Goes. 

36. Miuolina ITNDOSA (Karrer). 

Quinqueloeuliiut undosa Earrer, 1867, FO. p. 361, pi. 3. tig. 3. 

MiUoUna undosa Brady, 1884, FC. p. 176, pi 0. tigs. 6-8. 

„ 9 , Heron- Allen & Earland, 1914-15, FKA. p. 572, pi. 43. 

tigs. 1-4. 

Frequent and typical. 

37. MiLIOLINA undulata {JCOrbigny). 

Quinqudoeulina uwfu/aia d’Crbignj, 1826, TMC. p. 302, no. 27. 

n Schlumberger, 1893, MUM. p. 71 , pi. 1 . figs. 53, 54 ; 
pL 2. figs. 60, 61 ; text-figs. 23, 24. 
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JtiUolina mdvlata Heron-AUen & Earland, 1914-15, FKA. p. 578, pi. 43. 
• 5^. 5—8. 

Very rare and rather small, but quite typical. 

38. Miuouba bbtioulata (JPOiUgny). 

TrUoeulvna retiadata d’Orbigny, 1828, TMC. p. 290, no. 9. 

MiUoUtta „ Brady, 1884, FC. p. 177, pi. 9. figs. 2-4. 

„ „ Heron-AUen & Earland, 1914-16, FKA. p. 673, pi. 43. 

figs. 9, 10. 

Frequent and large, of the quinqualucuUne rounded type, with coarse 
markings. 

39. Miliolina farkkbi Brady. 

“QuiuqaeloouUna with oblique ridges,” Parker, 1858, MIS. p. 58, pL 5. fig. 10. 
Miliolina parkeri Brady, 1884, FC. p. 177, pi. 7. fig. 14. 

„ . „ Heron-Alien & Earland, 1914-15, FKA. p. 574, pi. 43. 

figs. 11, 12. 

Very rare, but large and typical specimens. 

40. MluOtlHA KERIMBATICA Heron- AUm Earland. 

MUioUna kerimbatica Heron-AUen A Earland, 1914-15, FKA. ]>.575, pi. 43. 
figs. 13-23. 

Quitujueloeulim „ Cashmaii, 1921, FP. p. 437. 

A single large and typical individual. 

41. Miliolina fusoa Brady. 

Quinqudoeulina faaca Brady, 1870, FTB. p. 286, pi. 11. fig. 2. 

„ „ Soholze, 1874, etc., U. 1875, p. 134, pi. 6. figs. 19, 20. 

MUuAvaa „ Heron- Allen & Earland, 1914-15, FKA. p. 576. 

Rare, but large and well-developed. 

42. Miuolixa oontobta {d*Orlngny). 

Qumqudof dlina eontorta d’Orbigny, 1846, FFV. p. 298, pL 20. figs. 4-6. 
Miliolina „ does, 1894, ASF. p. Ill, pi. 20. figs. 861 , 862. 

„ „ Cushman, 1921, FP. p. 432, pi. 90. fig. 1. 

Frequent and large. 

43. Miliouna fbbussaou (<f Or%np). 

OttingutHoeulina fenuMieU d*Orbigny, 1828, TMC, p. 301, no. 18 ; Moddle, 

no. 32. 

MUioUna „ Bndy, 1884, FC. p. 176, pi. 118. fig. 17, 

» » Heron-Alien A Earland, 1914-15, FKA. p, 578. 

Frequent, and all of the fseblei sinootib type figured by MiUett (M. 189lB, 
etc.. FM. 1398, p. .508, pi. 12, fig. 7 ffig. 6 in text]). 
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44. Miliolina LINNASANA (d^Orhigny). 

TrUomlim linneianu d’Orbigriy, 18B9, FC. p. 172, pi. 9. figs. 11-1,3. 

Miliolim Imnaiana Brad}% 1884, FC. p. 174, pi. 0. figs. 15-20. 

„ „ Boron-Alien & Karland, 1914-15, FEA. p. 579. 

A few vei-jr large and typical specimens. 

45. MiLlOLlNA STRIATA {d’OrUgny). 

Quinqueloculim striata d’Orbigny, 18.‘6, TMC. p. 301, no. 4. 

„ „ Terquoin, 1882, FKP. p. 184, pi. 20. (28) figs. 10-12. 

MUiolina „ B.eron-Allen- & Karland, 1914-15, FKA. p. 579, pi. 44. 

figs. 1.3—1 i . 

Haro : very small and weak. 

46. Mu.tolina STELLIOBKA (Schlumberger) . 

QuinquelarnKiia sUtlligera Schlumbei^er, 1893, MCM. p. 68, pi. 2. figs. 58, 59. 
MUiolina „ Heron-Allon & Karland, 1913, Cl. p. 31, pi. 1. 

figs. 14, 15; 1916, FWS. p.215, pi. 39, figs. 28-31. 

Rare, but typical. 

Sub-family IIaueuinina:. 

Hauerina d’Orbigng. 

47. Haurhina coHrfiKSSA d'Orlngny. 

Jfaturina eomjtressa d’Orbigny, 1846, FFV. p. 119, pi. 5. figs. 25-27. 

„ „ Brad}', FC. p. 190, pi. 11. figs. 12, 13. 

., „ Heron- Allen & Karland, 1914-15, FKA. p. 588. 

A single undoubted specimen. 

48. Uai'KRINA ornatissima (Karrer). 

Quiaqueloeulim ornatissima Rarrer, 1868, MFKB. p. 151 , pi. 3. fig. 2. 
Ifatierina „ Brady, 1884, FC. p. 192, pi. 7. figs. 15-22. 

„ „ Horon-Allcn & Karland, 1914-15, FKA. p. 590. 

Two rather poor specimens, not developed to the outspreading stage. 


Planisfirina Seguema. 

49. Planisfirina aubicdlata Egger. 

Flanispirina aurkvAata Kgger, 1893, FO. p. 245, pi. 3. figs. 13-15. 

„ „ Heron-Alien & Karland, 1914-15, FEA. p. 590, 

pi. 46. figs. 3-7. 

Bare, but the two forms differing in relative length and breadth occur, 
Rs deserihed in our Berimba Honograph (ut supra). 
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Snb-family Fibohbbininac. 

FmOHBBINA Terquem. 

50. Ftsohebina pblldoida Millett. 

Fiteherina pellwida MOlett, 1898, etc., FM. 1898, p. 611, pi. 13. figs. 14, 16. 
„ „ Heron-AUen & Earland, 1914-16, FKA. p. 691. 

One excellent and typical specimen. 

Sub-family PEKBROPLiDiNiB. 

CoBNUSPiitA SohuUze. 

51. ('ORNDSPIBA INVOLVENS BeiltS. 

OpentiMna invclvent Ueuss, 1849-60, FOT. p. 370, pi. 1. (46) fig. 30 (not 30). 

{Ooniutpira, 1861 ; Model, no 16.) 

Comtupira „ |Brady, 1884, FC. p. 200, pi. 11. figs. 1-3. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. 693. 

Minute, but not infrequent. Both megalo- and microspheric forms, the 
first predominating as usual. 

52. CoBNDSPIRA SBLSBTBNSIS Heroii-AUm d- Earland. 

Commgpira 1 Earland, 1906, Ffi8. p. 199, pi. 13. figs. 2-4. 

Cornutpira teHsey^nsia Heron-Alien & Earland, 1908, etc., SB. 1909, p. 319, 
pi. 15. figa. 9-11. 

Small and rare. 

Peneboplis Mojd/ort. 

53. Peneboplis T ' ERTvsm ’( Eorskal ), 

NattUlus jHrtutut Forskfil, 1776, Descriptio animaliiiin, p. 125, no. 65. 
Pmeroplit „ Brady, 1884, FC. p. 204, pi. 13. figs. 16, 17. 

„ „ Heron-Alien & Earland, 1914-16, FKA. p. 601. 

Very rare and extremely pauperate in structure. 

■ 54. Peneboplis oabinatds d ’ Orbignp . 

Fmeroplis earinatvt d’Orbigny, 1839, FAM, p. 33, pi. 3. figs. 7, 8. 

„ „ Brady, 1884, FC. p. 206, pi. 13. fig. 14. 

„ „ Heron- Allen & Earhind, 1914-16, FKA. p. 602. 

Also rare, but less pauperate titan the pertutus type. 

Obbitoutbs Lamarck. 

55. Obbitolites dijplbx Carpenter, 

Orbitolitee duplex Caipenter, .1866, etc., BP. 1856, p, 220, pi. 6. fig. 10 ; 
jd. 9. fig, 10. « 

f, „ Brady, 1884, FO. p. 216^ pi. 16. fig. 7. 

„ „ Heron-ABea A EarUnd, 1914-16, FKA. p. 606. 
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Comparatively infrequent as compared with 0. complaruUa. A few sped- 
mens exhibit a crumpled development of the marginal rows of chambers, 
approaching the structure of OrhitolUes complrmata [Marginopora veHebralis) ^ 
van plicata Dana (1846, in Wilkcs^s U.S. Exploring Exp. vol. vii. p. 706, 
pL 60. fig. D), which is better known under Brady’s varietal name, var. 
laciniatUy but there is no indication that these specimens represent a repro- 
ductive process as in Dana’s variety. 

56. OilBlTOLiTES COMPLANATA LamareL 

OrhiioUtes eomplanaia liSmarck, 1802, 8yst. Ariim. sans Vert. p. 376. 

„ „ Brady, 1884, FC. p. 218, pi. 16. figs. 1-6 ; pi. 17 

figs. 1- 6. 

„ „ Heroii-Allon & Earlaud, 1914-15, FKA. p. 606. 

Extremely common, but never reaching any groat dimensions. No 
specimens of var. plicata or viviparous individuals were observed. 

t^RATERTTES Ileron^AHen ^ Earland, 

Craterites, geii. iiov. 

This new genus is foiindi^d for the reception of a single specimen, which, 
while evidently closely (connected with Orhitolitea^ cannot by any stretch of 
generic ilefinition be included with hitherto recorded typos. The closest 
search through the material available has not resulted in the discovery of 
other specimens or of anything which might be regarded us an earlier or 
more advanced condition of growth, and we feel compelled, against our usual 
practice, on such very insufficient data, to institute a new genus for wdiat is 
unqestionably a novel and interesting type of construction. Future research 
may render it necessarv to amplify or amend our description, or may possibly 
relegate the spocinuMi to the position of a freak ora pathological develop- 
ment of Orbitolitefi complanata, 

57. CUATEIUTES RECTUS, Sp. liOV. (PI. 35. figS. 11, 12.) 

The type-specimen is free, but the base, which is roughly quadrigonal in 
form, suggests that it was once sessile on some other object. The basal layer 
consists of a nubecularine mass of chambers without a trace of spiral disposition. 
Arising from this outspread basal layer is a thick trunk nearly circular in 
section, composed of five or six superimposed rings of chainborlets, orbito- 
lino in appearance, but devoid of marginal pores. Prom this point the trunk 
rapidly increases to nearly double its diameter at its narrowest point by the 
addition of farther superimposed rings of orbitoline chambers without mar- 
ginal pores. The greatest diameter of the test is reached at a point which is 
about twelve layers of chambers above the rim of the base. From this 
widest point the upper surface of the test is completed by a thin and highly 
convex cover, which bears no traoe of septation, but is entirely covered with 
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coar-^e perfonition«i, like the rose of a watorinjj-can. Where this oral layer, 
which closely resembles the marginal edge of OrhitoHtes complanataj has 
been broken away at a point on the edge, a similar oribrate septum is visible 
undei neath. 

The specimen bears a superficial resemblance to the Mycetozoan genus 
("raterittm. 

The genus represents a morphological variation of the normal structure of 
Orbitolites romplanata. In that type the chnrnberlets form u disc, the sides 
of which are imperforate, while the edge of the disc is covered with eribrato 
apertures. In Craterites the disc is originally perforate on one side and 
iniporforate round the edge. Growth ensues b} tho addition of a series of 
chambers, which must necessarily l>e superimposed overtlie aperture. Hence 
M e gel n series of discs saperim])osed on one anotlicr and with a circular oribrate 
covering over all in Craterites^ while in Orhitolltes tho original disc increases 
rapidly in diameter by the addition of rings of concentric cdiamberlets. 

Size ; — 

Height from edge of base to top of cover, 1*20 mm. 

„ „ bottom of cover, *70 mm. 

Diameter at bascj *95 min. 

„ narrowest part of trunk, *55 mm. 

,, widest part of trunk and junction of cover, *95 mm. 

Alveolina iCOrhvwy. 

58. AlveoIiINA mklu (Fichiel iSr Moll), 

NaviilwB meh FioliW & Moll, 1798, TM. p. 118, pi, 24. 

AlvfoKna „ Hotun-Allon & Earland, 1914-15, FKA. p. 607. 

A single large specimen. 


Family ASTHORHTZIDiK. 

Sub-family ActTRUBHiziNiE. 

TRiPlA Herotir-AUeti ^ Earland. 

59. Iridia diafhara Heronr Allen Earland. 

Tridia diapTiana Heron-Alien AEarland, 1914-16, F£A. 1914, p. 371, pi. 30* 
1916, p. 607. ’ ’ ’ 

The species is evidently abundantly attached to coral and nnllipore 
fragments. Several good specimens were obtained, both sesnle and detached 
the Utter exhibiting ilie dried protoplasnuo body beneath the chitinons 
membrane. 
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Dendbophrta Strethill Wright. 

60. Dbndbophrta badiata Strethill Wright (?). 

Dendrophrya radiata Strethill Wright, 1861, Ann. k Mag. Nat. Hist. aer. 3, 
vol. viii. p. 122. {No figure.) 

>, „ Brady, 1884, FC. p. 238, pi. 27 a. figs. 10-12. 

Two large fraginente which we ascribe to Dmdrophrya, to which they bear 
a closer re.sembknce than to any other species. Tliey represent fragments 
of an organism constructed of irregularly branching Battened tnbes, formed 
of fine brown sand deposited upon a chitinous membrane. The interior of 
the tubes is more or less rough (semi-labyrinthic) with projecting material. 
The internal calibre of the tube is very large, the walls being comparatively 
thin. In the absence of further material we are unable to assign these frag- 
ments to any of the recorded species, and hesitate to give them a new name. 
It may be that our organism represents fraginenie of Cushman’s suggested 
species Dendrophrya ramosa or its var. robuda. (0. 1 921, FF. p. 56, pi. 18. 
figs. 7, 8.) 

Sub-family Rhabdammikin.^. 

Saoenina Chapnuin. 

61. Sagenina fbondescens {Brady). 

SageneUa frondeseem Brady, 1879, etc., BBC. 1879, p. 41, pi. 6. fig. 1. 

. Sagmina „ Ohapnian, 1899, FFA. p. 4, pi. 1. figs. 1, 2 ; pi. 2. figs. 1 , 2. 

„ „ Heron- Allen & Earland, 1914-15, FKA. p. Oil. 

Large and typical colonies attached to small stones. 


Family LITDOLID^. 

Sub-family LiTroLiNAS. 

HaPLOFHRAGHIUM Reuse, 

62. Haplophbaohiuh oompbbbsum Goes. 

Lituolina irregularis, var. eompressa GoSs, 1882, BBCB. p. 141, pi. 12. 

figs. 421-423. 

Haplythragmium emadatum Brady, 1884, FO. p. 305, pi. 33. figs. 26-28. 

„ eompresewm Goes, 189(i, DOA. p. 31. 

„ „ Heron-Alien AEarjind, 1914-16, FKA. p. 613, 

pi. 46. figs. 20, 21 . 

A single small and coarsely agglutinate s(iecimen. 

63. HAPtOPHSAGMIUM CAMARIENBE {d'Orltigny). 

NooMM/na eauariMsu d’Orbigny, 1839, FlC. p. 128, pi. 2. figs. S3, 34. 
Ht^ihpkragmium eanarieuse Brady, 1884, FC. p. 310, pL 35. figs. 1-6. 

„ „ BDnon-AUen & Earland, 1014-16, FKA. p. 614. 

y,niw . /Otniir.-*ZOOi(OQT, VOL. XXXV. 44 
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Common, and attaining large dimensions. Oharactorieed by a thin white 
regular test, deeply fermginons, and very neatly oonstmoted of fine sand 
with a very considerable proportion of sponge^spionles. 

64. Haplophragmtcu anokps Brady. 

TTajdophraijnuvm ancep$ Brady, 1884, FC. p. 313, pi. 35. figs. 1 2~15. 

„ ‘ „ Millert, 1898, etc.,FM. 1899, p. 361,pl. 5. fig.lO. 

„ „ Heron-Alien & Esrland, 1913, Cl. p. 47, pi. 3. fig. 4. 

Two small, but typical specimens. 

Plaoopsilina d^OiUyny. 

65. PliAOOPBIUNA OKNOMANA (TMtffny. 

PlaeopsUina eenomana d’Orbignj, 1850, etc , PP. vol ii. p. 185, no. 758. 

LUuala (PlaeojoiKm) cennmma Carpenter, Parker, & Jones, 1862, 16F. p. 143 

pi. 11. fig. 14. 

Pheojmlim „ „ Brady, 1S84, FC. p. 31 .1, pi. 86. figs. 1-3 

A number of fragments agreeing in structnre with this species, but all 
“ free.” It is possilile that they may have been originally sessile upon some 
perishable organism. 

Difpusilina IJeron- Allen Karl and. 

Dipposihna, gen. uov. 

Test sessile, sqnamons. composed of very finely comminuted sand and mud 
enveloping a tliin labyrinthic layer of chambers. External snrface smooth 
and finished, white to grey in colour, famished with a few sparsely distributed 
pustules of more loosely aggregated material. 

The fragment<> of caloaroons alga furnished many examples of this new 
type. It is at first very difficult to recognize owing to its colour harmonizing 
with that of its host. Its squamous form and habit of growing only in 
doprossions and crevices of the alga add to the difiicalty of detecting it, but 
when once recognized its presence can hardly be overlooked. It may 
possibly be a widely distributed tyjie. 

The affinities of Diffunlina, are not easily discoverable. The neatly con- 
structed test and high proportion of cement in tlie finished exterior surface 
indicate the Lituolidse, but it has no close relationship to any previously 
recorded t} {>e. We suggest Bdelloidina as its nearest, hut still a distant, ally. 

66. Diffdsiltna htthius, ap. nov. (PI. 35. figs. 13-16.) 

Test sessile, of irregular outline, squamous, adapting its growth to 
depressions and crevices on the surface of its host poured out, 

spilled). Colour resembling its host, white to grey. External surface 
smoothly finished and flat*, marginal edges thinned out so as to appear 
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almost oontinuons with the surface of attachment and presenting no sign of 
marginal apertures. Nearly all the specimens exhibit a varying number 
(1-4) of pustular processes on the superior surface. These rise slightly 
al)Ove the smoothly finished agglutinate surface, and appear to consist of the 
same fine sand and mud ^s the rest of the test, but without agglutinating 
cement. It appears probable that they rej)re8ent apertures tor tlie extension 
of protoplasm. 

The test when laid open is seen to contain a single layer of intricately 
ramifying flat tubes, without septa, separated from one another by thin walls 
of agglutinated material and from the surface of the alga by a thin floor or 
pavement layer of similar material. The tubes are completely filled with a 
mass of dark protoplasm. The protoplasmic body is voluminous, dark in colour, 
and ramifies through the entire structure in a single layer separated from 
the surface of the alga by a floor of material similar to that used in the 
construction of the upper layer of the test. 

Size very variable. (Jompaci specimens 1-S mm. in diameter, but narrow 
specimens following a crevice in their growth may probably attain four or 
five times this size. 


Haddonia Chapman. 

67. Haddonia toiiuksiexsis Chapman. (PI. 35. figs. 17-22.) 

Haddonia tommnsis Chapman, 1897, “ On Haddonia^ a ne'w Genus of the 
Eoraminifera from Torres Straits,” Journ. Linn. Soc. 
Lond. vol. xxvi. (Zoology) (1898) pp. 452-456, pi. 28. 
& text-fig. p. 453. 

„ „ Heron- Allen & Karland, 1914-15, FKA. p. 616, pi. 46. 

fig. 22. 

Abundant and extremely variable both as regards size and relative irregu- 
larity of growth. This organism, which is so abundant in this material, 
appears to be unquestionably referable to Chapman^s genus ; but a study of 
the material leads us to differ from his conclusions as to its relationships. 
He placed Ids genus among the labyriuthic Litiiolina^ ; we fe^d inclined to 
transfer it to theToxtnlariidee, and we have even some doubt as to its generic 
value. A study of a series of specimens indicates that at Ijord Howe Island 
growth starts as a free and regularly formed Texiulana {agghdinans or 
gramen). After attaining almost full growth the chambers begin to run 
wild, and they may then assume practically any form — curving or straight 
lines, acervuline masses, remain free, attach themselves to largo sand-grains, 
or become sessile upon other organisms, but often so lightly as to become 
detached without damage. The shell-structure is of coarse calcareous and 
siliceous grains with a large proportion of calcareous cement. Chapman 
slates that the test commences either with a straight or a sinuous series of 
chambers, or* more rarely, with a flat coil of a single whorl, after which the 

44 * 
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ohamberB are arranged in a more or less reoiilmear manner,** In only one 
or two instances liave we met with a coiled initial series. Bat for the estab- 
lished existence of Haddoma as a genns, and the fact that the Lord Howe 
specimens generally coincide with Chapman's diagnosis, we should have 
regarded our specimens as biological freaks, dne perhaps to brackish-water 
conditions afEecting the growth of the characteristic Textnlaria of the district, 
as snch conditions of life have been proved to do. 

Snb-family Txocn a MMiKiMiX. 

Tboohammima Parker <$* Jones. . 

68. Troohammima sqttamata Parker Jonee. 

Troehammina Mfuamnta Parker & Jones, 1860, IIMF. p. 304, table. 

„ „ Brady, 1884, FC. p. 337, pi. 41 . fig. 3. 

„ „ Heron-AUen & Earland, 1913, Cl. p. 50, pi. 3. 

figs. 7-10. 

Small, panperate, and very rare. 

69. Troohammiha oohraoxa (H*t71tam«on). 

Batalina oekraeea Williamson, 1868, BFQB. p. 65, pL 4. fig. 112 ; pi. 6. 
fig. 113. 

Troehammina „ Millett, 1898, etc., FU. 1899, p. 363, pi. 6. fig. 12. 

„ „ Heron-Alien & Emrland, 1914-16, FKA. p. 619, pi. 46. 

figs. 27, 28. 

One extremely panperate individual, showing the flange described by ns 
from Kerimba supra), afad two small but typical specimens. 

70. Tboohamhika rotaufobmib WrigU. 

Troehammina inflata^ vax^ Balkwill & Wright, 1886, HIS. p. 331, {d. 18. 

figs. 11, 12. 

„ rotaliformie Heron-AUen ft Earland, 191.3, Cl. p. 52, pi. 3. 
figs. 11-18. 

Frequent and well-developed. 

71. TBOOHAXXtlMA TXSIOULARIS Go8t. 

Trodutmmina vetieularu GoSs, 1894, ASF. p. 31, pL 6. figs. 236 -237. 

One large and typical specimen of this high-domed type. 

CARTBimA Bradg. 

72. Cabtxrima BnoDLOTXSTA (Carter). 

Sotttlia tpimdoteita H. J. pairisr, 1S77, “ Hescription of a liew Speeiee of 

FovaBrintibia (Jeoaftia spwub<ssto)," A.nD. ft Hag. 

Hioli. BW..4, irol. xx. p. 479, pi, .1879, ■«r.'6, voi^ 

p. 414 ; 1980, SGH, ser. 5, ytd. v. p, 
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Carterina jrptmZotota Brady, 1884, FC. p. 346, pi. 41. figs. 7-10. 

» „ Sidebottom, 1906, etc., BFD. 1905, p. 6, pi. 1. fig. 10. 

A single undoubted fragmeut, representing a terminal chamber. The 
individual when perfect must have been of considerable size. 


Family TEXTULAEIIDJE. 

Sub-family TEXTULABiiNiE. 

Textularu Defranee. 

73. Textuuibia EOUTIH Parker Jonet. 

Textularia fdium Parker & Jones, 1865, XAAF. pp. 370 & 450, pi. 18. fig. 19. 
„ „ Brady, 1884, FC. p. 357, pi. 42. figs. 1-5. 

„ „ Chapman, 1907, IIFY. p. 127, pi. 9. fig. 4. 

A single specimen. 

74. Textulakia inconspioua, var. juqosa {Brady). 

Te-rtularia jvgeta Brady, 1884, FC. p. 358, pi. 42. fig. 7. 

„ iticonsjiieua, vor. jugosa Millott, 1888, etc., FM. 1899, p. 558, pi. 7. 

fig. 2. 

„ „ „ Heron-Alien &£arland, 1808, etc.,8B. 1911, 

p. 310, pi. 9. fig. 12; 1914-15, FKA. 
p.624. 

One typical specimen. 

75. Textulabia ^homboidalis Millett. 

Textnhria rhomboidalia Millett, 1898, etc., FM. 1899, p. 659, pi. 7. fig. 4. 

„ „ Sidebottom, 1904, etc., KFi). 1905, p. 8, pi. 2. 

figs. 2, ? 3. 

„ „ Heron-Alien & Borland, 1914-15, F£A. p. 624. 

Very abundant and very variable, the marginal edges ranging from quite 
straight to strongly scalloped, owing to the projection of the extremities of 
the chambers. The median line is often deeply excavated. Small specimens 
are often so compressed as to be with difficulty separated from Bolivina. 
Limbation of the sutural lines often gives a highly decorative appearance to 
the shell. 

• 

76. Tbztulabia obispata Brady. 

Te^ialaria eri^wta Brady, 1884, FC. p. 359, pi. 1 13. fig. 2. 

„ „ Heran-Alleu & Barlaud, 1914-15, FKA. p. 624, pi. 47. 

figs. 5, 6. 

. Two specimens, one very large, and quite typical, the other small. 
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77. Tbxtolaru saoittcla Defranee, 

Ttxhdaria $agittula Defrance, 1824, Diet. Sci. Nat. toI. zzxii. p. 177 ; vol.]iii. 
p. 844 ; Atlas Conch. pL 13. fig. 6. 

„ „ Btady, 1884, FC. p. 861, pi. 42. figs. 17, 18. 

„ „ Heron- Allen & Eorland, 1914-lS, FEA. p. 625. 

Very rare. 

78. Tkztulaeia saoittuia, var. ristttlosa Bmdy. 

Texttdaria aagitttila, vu.Jhtulosa Brady, 1884, FO. p. 362, pi. 42. figs. 19-22. 
„ „ „ Millett, 1898, etc., FM. 1899, p. 661, pi. 7. 

fig. 9. 

. Also rare and small. 

79. Tbatularia rugora (Beuss). 

Pleeatdum rugosum BeuBs, 1869, FOG. p. 453, pi. 1. fig. 3. 

Teaitvlaria rugosa Brady, 1884, FC. p. 625, pi. 42. figs. 23, 24. 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 625, pi. 47. 

figs. 7-9. 

Large, but not very strongly marked. 

80. Textularia agglutinans ^OrUgny. 

TexUilaria agglwtimns d’Orbigny, 1839, FC. p. 144, pi. 1. figs. 17, 18, 32-34. 
„ „ Brady, 1884, FC. p. 363, pi. 43. figs. 1-3. 

„ „ Heron-Allcn & Earlaud, 1914-15, FKA. p. 626. 

Abundant and subject to much variation in the direction of irregular 
growth, suggestive of incipient progress towards Haddonia, q. v. 

81. Textularia oandblana d’Orbigny. 

Textvlaria candeiana d’Orbigny, 1839, FC. p. 143, pi. 1. figs. 25-27. 

„ ,. Sidebottom, 1904, etc., BFD. 1905, p. 7, pi. 2. fig. 1 . 

„ „ Heron-AUen & Earlaud, 1914-15, FKA. p. 627, pi. 47. 

figs. 10-16. 

Not uncommon, but not very strongly developed or typical. 

82. Tbxtulabia abbreviata d*Orbigny. 

Teaitularia abbreviata d’Orbigny, 1846, FFV. p. 240, pL 15. figs. 8-12 (not 
7-12). 

„ agglutmane, vat. oMireviata Parker & Jones, 1865, NAAF. p. ^9, 
pi. 17. fig. 76. 

„ abbreviata Heron-Alien A Earland, 1922, 1?.N. p. 120. 

One large stoutly built specimen. 

83. Textularia grambit dOrhigny. 

Testlularia gramen d’Orb^^, 1846, FPV. p. 248, pi. 15, figs. 4-6. 

„ „ Brady, 16^, FC. p. 865, |fi. 43. 9, 10. . 

M „ Heron-AllSn A ^srland,, 1914-1$, FKA, p, 627,. ' 
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Common, and exhibiting- the same tendency to Haddmiartorraa^^ou as 
T. agglutinanis. 

84. Tkxtulabia oonioa d'OrUgny. 

Teietularia eoniea d’Orbigny, 1839, FC. p. 143, pi. 1. figs. 19, 20. 

„ „ Brady, 1884, FG. p. 305, pi. 43. figs. 13, 14; pi. 113. fig. 1. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 629. 

Common, 

85. Tkxtulabia cohica, var. jugosa Jones MilUtt. 

Ttxtularia sagittula, var. jw/osa Jones ; Hillett, 1898, etc., FM. 1809, p. 561, 

pi. 7. fig. 8. 

A few small specimens comparable with Millott's figure {tit svjnra), which 
appears to us to be referable to T, cmiica rather than to 'T. sagiltula, 

Vkrneuilina d’Orbigny. 

86. Vbbneuilina spinulosa Reuss. 

Vemeuilina sjnntUosa Beuss, 1849-50, FUT. p. 374, pi. 2. (47) fig. 12. 

„ Brady, 1884, FC. p. 384, pi. 47. figs. 1-3. 

„ „ Heron- Allen & Karland, 1014-15. FKA. p. 630. 

Not uncommon. All the s[>eciniens are of the broad heavy type, destitute 
of spines. 

87. Vebneuilxna polystropha (Reuss). 

Bulimina /lolystriytha Iteuss, 1845-46, VBK. pt. 2, p. 109, pi. 24. fig. 63. 
Verneuilina ., Brady, 1884, FC. p. 386, pi. 47. fig. 9, 

„ „ Heron-Alleu & Earlaud, 1929, YF. (passim). 

Minnte and very rare. 

88 . Vebnkuilina PBOPUsgiiA Brady. 

Vemeuilina propiuqwt Brady, 1884, FC. p. 387, pi. 47. figs. 8-12 (not 13, 14). 
„ „ Cushman, 1910, etc., FNl*. 1911, p. 56, fig. 02. 

A single minute but typical specimen. 

Tbitaxia Reuss. 

89. Tbitaxu LSPlDA Brady. 

TrUaseia Upida Brady, 1879, etc., BltC. 1881, p. 55. 

„ „ Brady, 1884, FC. p. 389, pL 49. fig. 12. 

„ „ MiUett, 1898, etc., FM. 1900, p. 12, pi. 1. fig. 15. 

Frequent. 

PAyoNiKA d’OrUgny. 

90. Pavonina FLABKiiXiiroBKis d’OrUgny. 

Ravonina Jlabdlifirmis d’Orbigny, TMC. p. 260, no. 1, pi. 10. figs. 10, 11; 
Moddk, no. 56. 
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JPRvonuia flabtiUfomtii Brady, 1884, FC. p. 374, 45. figs. 17-21. 

„ w Heron-Alien & Borland, 1914-15, FEA. p. 632, 

pi. 48. 6g8. 1-6. 

One broken specimen whidi, when perfect., most have been of very large 
size. 


Spiroplbota Ehrenberg. 

91. SmoPLECTA BnrOBMlB {Parker 4* Jones). 

Tea/lvlana agghOinans, vax. hiformis Parker & Jones, 1865, NAAF. p. 370, 

pi. 15. figs. 23, 24. 

l^ngsUettt hiformis Brady, 1884, FC. p. 376, p. 45. figs. 25 -27. 

„ „ Heron- Allen & Eurland, 1914-15, FKA. p. 634. 

One typical specimen. 

Gaudkttna d'Orhigny, 

92. Qaitobtina boabba Brady. 

Oaudryina seabra Brady, 1884, FC. p. 381, pi. 12, fig. 5. 

„ „ HeronrAllen & Earlaud, 1014-15, FKA. p. 685, jd. 48. 

figs. 7-14. 

Hare. The specimens arc small, but compare in all respects with those 
fignced by us («< supra). We there suggested that they might be multiform 
variations of VerHeuilina polystroplw, and the Lord Howe specimens confirm 
that view. 

93. OAnOBTIKA EUGOBA {d’OrUgny). 

Oaudrgma rugosa d'Orbigny, 1840, CBP. p. 44, pi. 4, figs. 20, 21 . 

„ „ Brady, 1884, FC. p. 381, pi. 46. figs. 14-16. 

„ „ Heron-Alien A Borland, 1014-15, FKA. p. 635; 1922, 

TN. p. 122. 

Very common and finely developed. As in the New Zealand area, two 
distibet types occur, to which we have called attention in our ‘Terra Nova' 
Report (xU supra), one long and the other short. 

Subfamily BOLiiiiBiNiE. 

Bclduka d^Orhigny. 

94. Buluoka BLBGAimsBiifA d^OrUgny. (PI. 35. figs. 23, 24.) 

jBtdimim eUgantisdma d’OrfaigBy, 1839, FAH. p. 51, pL 7. figs. 13, 14. 

» >, Bz*dy, 1884, FC. p. 401^ pL 60‘. figs. 20-.22. 

M » Heroh*Ali*in A.Barland, 1914-15, PEA. p. 639. 

Bare, but oharaoteruriio, and an seriM ; two spedimmiB exbi- 

^Hng . budding-off teds,' ad one ai^d twb ifiiambers i'ei^)etiHviely, .predsdy 
Bimilw to these fij^red % Iby 
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under the type-species JB. elegantissima (S. 1904, etc., RFD. 1905, p. 11, 
pi. 2. figs. 7-12), also a specimen in whicli the terminal septal face and 
terminal septa have been absorbed. 

95. Bulimina WILLIAMSOKIAITA Brady. 

BuUmina williamsoniana Brady, 1884, FC. p. 408, pi. 51. figs. 16, 17. 

„ „ Millett, 1898, etc., FM. 1900, p. 279, pi. 2. tig. 8. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 641. 

One very minute specimen. 

Bolivina d^Orhigny. 

96. Bolivina punctata d^Orbigny. 

Bolivina punctata d’Orbigny, 1839, FAM. p. 63. pi. 8. Hgs. 10-12. 

„ „ Brady, 1884, FC. p. 417, pi. 52. tigs. 18, 19. 

„ „ Hcroti-Allen & Earland, 1914-15, FKA. p. 644. 

Common, but rather weakly developed. 

97. Bolivina tbxtilabioidsb Reuss. 

Boliviiia textilanoides Keuss, 1862, NHU. p. 81, pi. 10. tig. 1. 

„ „ Brady, 1884, FO. p. 419, pi. 52. figs. 23 -26. 

,, „ Heron- Allen & Earland, 1914*15, FKA. p. 646. 

Hare and small. A variety also occurs in greater numbers, characterized 
by a broad compressed shell with rounded aboral extremity, five or six pairs 
of chambers, separated by strongly limbate sutural lines. The parallel 
arrungement of these lines indicates its affinity to B, textilarioides, but it differs 
considerably from the type. The form is not infrequent in tropical shallow- 
water gatherings. 

98. Bolivina bilatata Reuss. 

Bolivina dilatata Beuss, 1849-50, FOT. }>. 381, pi. 3. (48) fig. 15. 

„ „ Brady, 1884, FO. p. 418, pi. 52. figs. 20, 21. 

„ „ Heron-Alien & Earland, 19J4-15, FKA. p. 645. 

Bare and far from typical. 

99. Bolivina tortuosa Brady. 

Bolivina tortwm Brady, 1884, FC. p. 420, pi. 52. figs. 31-34. 

„ „ Heron-Alien & Earland, 1913, CI.p. 66, pi. 5. fig. 1 \ 1914-15, 

FKA. p. 645. 

Large and well-developed, but rare. 

100. Bolivina robubta Brady. 

Bolivina robtinta Brady, 1884, FC. p. 421, pi. 53. figs. 7-9. 

„ „ Seiott-AIlen & Earland, 1914-15, FKA. p. 646. 

One very small but otbe^ise typical spedmen 
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101. Bolivina LiVBATA Brady. 

Bolivina limbata Brady, 1884, FC. p. 419, pi. 52. figs. 26-28 
„ „ Heroii-Alleu & Earlaiid, 1918, CJ. p. 67, pi. 6. figs. 2, 3 ; 

1914-16, FKA. p. 646, pi. 60. figs. 1-4. 

Bare, but largo and well-developed. Most of the spociinenH are bifarine 
in their later development. 

102. Bolivina limbata, var. abbreviata, nov. (FI. 36 . figs. 25-27.) 

Test compressed, consisting of 4 to 7 pairs of chambers with rounded 
marginal edges, heaVily linibate but with flush sutures. Aboral extremity 
rounded. The shell reaches its maximum bn*adth at about tlie third pair of 
chambers, and therefore the sides aie almost parallel. Aperture large, 
extending over the septal face of the final chamber. Surface of the chambers 
prominently perforate between the clear sutural lines. 

This is a very easily recognized little form, and not uncommon in shallow- 
water tropical gatherings. It may represent an intci mediate type between 
B. textHarioides (which it resembles in the straight sutural lines, almost 
vertical to the long axis) and the typical H. limbata. It never, so tar as we 
have observed, has that tendency to develop u bifarine terminal portion so 
characteristic of the latter species. 

103. Bolivina variabilis ( Williamson). 

Textalana variabUut (typica) Williamson, 1868, llF(lB.*p, 76, pi. 0. figs. 162, 

163. 

Bolivina „ Heion-Allcii & Earland, 1914 15, FKA. p. 047. 

4 

Tho most typical Jiolivina ot the gatbmu^, frtH^aent, well-developed, aud 
exliihiting a considerable range in the extent of the sarfaoe-iuarkingM. 

104. Bouvima i>lloata d’Orlnffiu/. 

BcHivina pliettta d’Orbigny, 1830, FAM. p. H2, pi. 8. figs. 4-7. 

„ ,. Goes, 1894, ASF. p. 51, pi. 9. figs. 487, 488. 

Two specimens, very strongly marked. 

105. Bouvika ura-LATA Heron- Alien if Earland. 

BoKvina infiata Heron-Alien & Earland, 1813, Cl. p. 68, pL 4. figs. 16-18 ; 
1816, F.W.H. p. 240. 

Nat uncommon and quite typical. 

Sub-family Oassid vlinikac. 

Cabbisduka tCOrbi^ff. 

106. Casbiduuha okabba d*OiMgny. 

OtteeiMma craeta d'Orbigny, 1888, FAM. p. 66, {d, 7. flgt. 18-dK). 
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Caasidulina craasa Brady, 1884, FC. p. 429, pi. 54. figs. 4, 5. 

„ „ Oushmau, 1910, etc., FNP. 1911, p. 97, fig. lol. 

Hare and very small. 

107. Oasbidulina bubglobosa Brady. 

QaaaiduUna svihghhoscL Brady, 1884, FC. p. 430, pi. 54. fig. 17. 

„ „ Cushman, 1910, etc., FNP, 1911, p. 98, fig. 152. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 652. 

Frequent, occurring in two distinct forms, one very small nnd hyaline, the 
other much larger (up to three times the size) and with a mutt surface. 
The second form presents the same external characteristics even in the 
immature condition, and we are unable to offer any explanation of this 
condition. They are not dead or eroded shells. 

108. CAssiDrUNA (Okthoplecta) clavata Brady. 

Casaidulimt (^Orihoplecia) clavata Brady, 1884, FC. p 432, pi. 113. fig. 9. 

„ Chapman, 1901, FFA. (1902) p. 402 (list), 
no. 114. 

„ „ ,, Heron-Alien Si, Earland, 1914-15, FKA. 

p. 654, pi. 50. figs. 21, 22. 

Uiic small specimen of this very rare shallow-water tropical type. 

Ehbenbebqina Beuas. 

109. EHBENBEKCnNA SERBATA MeuSS. 

Ekrenberyina aarraia Beuss, 1849-50, FOT. p. 377, pi. 48. fig. 7. 

„ „ Cushman, 1910, etc., FNP, 1911, p. 101, tig. 155. 

„ „ Horon-Allen & Earland, 1922, TN. p. 140. 

liare. The specimens are small, with extremely pronounced, raised, 
limbata sutures. Immature specimens are hardly di.stinguishable from the 
figure of Caaaidulina elegaua Sidebottom (S. 1910, J. Quekett Micr. Cl. 
ser. 2, vol. xi. p. 106, pi. 4. fig. 1), to which, perhaps, we should have 
ascribed them in the absence of the mature and more typical individuals. 

Family LAGENID^. 

Sub-family Laqenin.£. 

Laqeka Walker Boya. 

110. Lagena linbata {WilltaiMon). 

Bnioaolenia lAnmta Williamson, 1848, BSGL. p. 18, pi. 2. fig. 18. 

Lagema «« Brady, 1884, PC. p. 461, pi. 67. fig. 13. 

„ „ £l!^on-Allen A Earland, 1914-15, FKA. p. 656. 

One ibypical speoimen. 
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111. LaOKNA SQUAMOSA 

Vermicultini tqmmotnm Montagu, 1803, TB. p. 526, pi. 14. fig. 2. 

Lagma aqueanota Cuahman, 1910, etc., FNP. 1913, p. 16, pi. 6. fig. 1. 

„ „ Heron-Alien k Earland, 1922, TH. p. 151, pi. vi. figs. 1, 2. 

One atmormal, thiok-shelled, and weakly marked individual. 

112. Laoena LAEVis (Afontapu). 

rermtoulum lave Montagu, 1803, TB. p. 524. 

Lagma hmt Williainaon, 1848, BSdL. p. 12, pi. 1. figs. 1, 2. 

„ „ Brady, 1884, FC. p. 455, pi. 56. figs. 7-14, 30. 

One abnormal specimen, the aboral half of which is very irre^larly 
formed. 

113. Laobna laviuata (Reuse). 

fisearina laevigata Beuss, 1849-50, FOX. p. 366, pi. 1. (46) fig. 1. 

Lagma „ Brady, 1884, FC. p. 473, pi. 114. fig. 8. 

„ „ Heron-Alien <& Earland, 1914-15, FEA. p. 661. 

One specimen with a hooded aperture resembling Sidebottom’s fig. 7 on 
pi. 17 (S. 1912, LSP. p. 400), which he considers to be allied to L. nUl- 
lettii Chaster (C. 1892, FS. p. 61, pi. 1. fig. 10). The Lord Howe specimen 
has a normal aboral base. A good many small specimens also of tlie 
typical form. 

114. Laqbina ankbctbns livrrom 4' Holland. 

Lagma anneetans Burrows & Holland, in J., F., & B. 1866, etc., MFC. 1895, 
p. 2(p, pi. 7. fig. 11. 

„ „ Heron-Alien & Earland, 1922, TN. p. 155. 

One small weak specimen. 

115. Laqeha maboikata ( Walker Sf Bogs). 

Serpula (Layma) marginala Walker ft Boys, 1784, TMB. p. 2, pi. 1. fig. 7. 
Lagma tnarginaUi Brady, 1884, FC. p. 476, pi. 59. figs. 21-23. 

„ „ Heron- Allen ft Earland, 1914-15, FEA. p. 663. 

Many small fully marginated specimens. 

116. Laoena KOABtNATA (Terguem). 

Fissurina UearinaJta Terquem, 1882, FEP. p. 31, pi. 1. (9) fig. 24. 

Lagma „ Millett, 1895, etc., FM. 1901, p. 62^ pi. 14. fig. 13. 

„ „ Heron-Alien ft Earland, lOld-^lfi, FEA. p. 665.' 

One minute specimen. 

117. Laoena olatbbata Bradg. . 

Lagena dUdhrata Brady, 1884, 3^ |i. ^,^1. 69^Ag. 4, ' 

.-One very feebly oostaieepeciniiitrx'''.'..’ ■' 
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Sub-family Nodosariin^. 

Fbondicolabta Dffratw . 

118. Frondioularia soottii Heron-Alien If ,- Earlnnd . (PI. 36. figs. 28, 29.) 

Frondtexdaria eeoUii Heron-Alleii & Karland, 1922, TJf. p. 170, pi. 6. 
figs. 30-82. 

Ona small and feoblt* oxanipla ■whicli wa have no hesitation in ascribing 
to this species. It lucks the longitudinal grooves and decorations of the 
type, but it has the same truncate edges and thick shell-wall, which obscures 
the internal structnre. This is brought out by wotting the specimen. The 
occurrence of tliis individual in a shore sind is very notenorthy; it is 
practically identical in sine with tho pauperato specimen Iroin Itaine Island, 
recorded by us nt mpra, but is even weaker, having no limhation of tho 
sutural lines. We figure both the Lord Howe and Kanie Island specimens. 


Oristellaria Ijnmarck, 

119. Oristellaria hotiuatv (Lamarel). 

lAnt-kCnliU^ rotulata i.umarck, 1»04, AM. p, 18S, no. 3; 1830, EM. p. 330, 
pi, 4(1(1. fig. 5. 

VrietfVaria „ Brady, 1881, R!. p. ol7, pi. 49. fig. 13. 

,1 „ Heron- Allen & Eurlaiid, 1914 l.>, EKA. p, 071. 

Hare and rather small, hut typical. 


120. ('ribtellarta oirra d ’ Orhigny . 

CrifUllaria gihtm, d’Orbigny, 1839, FU. p, 40, pi. 7. figs. 20, 21. 

„ „ Brady, 1884, Ft*, p. 640, pi. 69. figs. 8, 9. 

„ „ Cushman. 1910, etc.. FNP. 1013, p, 69. pi. 35. fig. 1. 

One weak specimen. 


Sub-family P o l Y »i o r p h i n i n .e. 

POLTMOBPHINA d’Orhigag. 

121 . POLYMOBVHINA OOMMONTS JPOrhigny. 

mgMtnyikiua (OuttuUm) mnmtiiiie d’Orbigny, 1820, TMC. p. 266, 
nos. 14, 15, pi. 12, figs. 1-4 ; ModMe8,no8. 61, 62. 
„ eommunii Brady, 1884, FC. p. 608, pi. 72. fig. 19. 

„ „ Herou-Allon & Earland, 1914-16, FKA. p. 673. 

A single small specimen. 

122 . POLYMOEPHIMA FBOBLSMA d*Ori»gng. 

Pdkymorphma jproblma d'Orbiguy, 1826, TMC. p. 266, no. 14; 

Module, no. 61, 
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Ftiymerphiwt prtMenut Brady, 1884, FO. p. 568, pi- 72. fig. 20; pi. 73, 
fig. 1. 

„ „ Horon-AIlon & Karland, 1922, TN. p. 182. 

A bingle small specimon. 

128. POLVMOKPHINA REGINA liradf/, Parker, ^ Jonet. 

PciffmoTfikfna reynta Brady, Paiker, & Jouos, 1870, 6P. p. 241, pi. 41. fig. 32. 
„ ,. Brady, 1881, FC. p. 571, pi. 73. figs. 11-13. 

„ Cushman, 1910, etc., FNP. 191 3, p. 91, pi. 41 . figs. 6, 7. 
One ver^' large broken s{>eoinion and one of normal size. 

UviOBRiNA tPihingny. 

124. UviORRINA PYGMA5A ffOrhiffiiy. 

Uviyerina pygtnaKi d’Orbign}, 1826, TMC. p. 269, pi 12. figs. 8, 9; Module, 
no, 67. 

„ ,. Brady, 1884, FC. p. 575, pi. 71. figs. 1 1 , 1 2. 

„ „ Heron-Alien A Bailand, 1014-15, FKA. p. 675 

Three rather small specimens with %’ory strong costation. 

125. UviGERINA PORBECTA Brady. 

Uniyeriua [lornrta Biady, 1879, etc., IlHC. 1879, p, 274, pi. 8. figs. 16, 10. 

„ „ Brady, 1884, FC. p. 677, j»l. 71. figs. 21-23. 

„ ,. Heiou- Allen & KarLind, 1914-15, FKA. p. 675. 

Frequent ami tyyncal. 

126. UviQBKlNA SEI,8BYENSIS Ileron-AUeti JEar land. 

Oviyerma tAseyentit 'Ei«ion-Allea & Knrlaiid, 1908, etc., HB. 1909, p. 437, 
pi. 18. figs. 1-3. 

„ ,. Cushman, 1910, etc., FNP. 1913, p. 93, pi. 42. fig. .'). 

Several specimens resembling the Eoc«>ne fossils recorded by ns («/ supra), 
in the shape and urrangenieut of the chambers, but with a rough, t(>eb]y 
hispid or striate surface. 

127. UviGERINA ANGOiiOSA Williamson. 

Uvigerina anyulosa Williamson, 1858, BF6B. p. 67, pi. 5. fig. 140. 

„ „ Brady, 1884, FC. p. 576, jd. 74. figs. 16-18. 

„ „ Heron-AIleii & Karland, 1914-15, FKA. p. 676. 

Frequent and large. Two separate forms occur, one very long, the other 
short and rapidly increasing in breadth. 

Sagrina Parier «$* Jones. 

128. Sagrina cou'VRI.i.abis Brady. 

Sagrina tohtnteJlaris Brady, 1884, PC. p 681, pL 75. figs. 15-17. 

„ „ Cushman, 1910, etc., FNP. 1918, p. 104, pi. 47. figs. 2, 3. 

„ » Herou-AUen & Karland, 1914-15, FKA. p. 676. 

Bare, but typical. 
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129. Sageina eaphanus Parker S( Jones. 

Uvigerina (Sagrina) raphanua Parker k Jones, 186t5, NAAF. p. 364, pi. 18. 

figs. 16, 17. 

Sitgrina raphamis Brady, 1884, FC. p. 585, pi. 75. figs. 21-24. 

„ „ Heron-AUen & Earland, 1914-15, FKA. p. 677. 

Rare, lar^e, of the eiitosolcnisin type. 

Sub-family RiLMULiNiNiE. 

B1.MULINA Rupert Jones. 

130. Ramulina GUIMALDII SMumherger. (PI. 36. fig. 32.) 

RnmuliiM griinaldn Schlumberger, 1891, Mem. »Soc. Zool. Franco, toI. iv. 
pp. 509 511, pi. 5. 

Ramulina^ Heron- Allen & Earland, 1922, TN. p. 187, text-fig. 

The occurrence in this material of a specimen practically identical in 
formation with the one recorded by us {ut supra) from New Zealand sec^ns to 
render it. necessary to give it a specific name, a task which we have hitherto 
avoided. Rather than iiiako a now species on such insufficient material, we 
have decided to use Schlumberger^s name. The organism described and 
figured by Flint as li. protelformis (F. 1899, UFA. ]). 321, pi. C8. fig. 7) 
appears to be a simpler form of the same kind and possibly identical with 
Sclilnnibergor’s s|»ocios. 

Family GLOBIGBBINIDaE. 

Globigerina d^Orhigny. 

131. Globigerina bttlloides (POrhigny. 

Glohigeiukia d'Orbigiiy, 1826, TMC. p. 277, no, ] ; Modeles, nos, 17, 76. 

„ Jlradv, 1884, FC. p. 593, pis. 77 & 79. figs. 3-7. 

„ , Heron- Allen & Earland, 1914-15, FKA. p. 678. 

The specimens are small and few in number. 

132. Globigerina triloba Reuss . 

GhMget'ina triloba Reuss, 1849-50, FOT. p. 374, pi. 2. (47) fig. I J. 

. „ „ Brady, 1884. FC. p. 595, pi. 79, figs. 1,2; pi. 81. figs. 2, 3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 678. 

More frequent, larger, and better developed than G. Imlloides. 

133. Globigerina crrtacea, var. eggeri Heron^Allen Sf Earland. 

GUMgerim erstacea^ var. eggeri Heron-Alleu & Earland, 1922, TN. p, 188, 

pi. 7. figs. 6-8, 


Two email but topical individuals. 
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134. Globiobbina bubba d’CMngny. 

Giobigenna rubra d’Orbigny, 1889, FO. p. 82, id. 4. figs. 12-1-J. 
i, „ Brady, 1884, FC. p. 002, pi. 79. figs. 11-16. 

„ „ HtTon-AUen & Earland, 1914-15, FKA. p. 679. 

Large and not infre^ineut, bnt devoid of the oliaraoteristic colouring. 


Family UOTALIIDJS. 

Sullfumily SlMBILLlMINiB. 

(SviBlLUNA Lhrenherg. 

135. SmiLLiNA MMPAKA Ehnnhetg. 

J^jnrilhna vlvtpara Ehrenberg, 1841, SNA. p. 442, pi. 8 fig. 41. 

„ „ Biady, lh84, FC. p OK), pi. 8.>. figs. 1-6. 

„ ,. Ueron-AUon & Earland, 1914-16, FKA. p. 688, pi. 61. 

figs. 19-28. 

Frequent, and presenting the usual wide range of breadth of tube and 
number of convolutions. 


136. Spibillina TiiuBATA Brady. 

SjdnJlina limhaia Brady, 1879, 11R(1 p. 278, ]>1. 8. fig. 26. 

„ „ Heron-AUtn &. Earland, 1014 16, FK.\. p. 681. 

Bare and not large, but otherwise oharacteri>)tic. 

137. Spibillina dboobata Brady. 

ffjnriUina decwata Brady, 1884, FC. p. 688, pi. 86. figs. 22-26. 

„ „ Heron-Alien A Earland, 1914-15, FKA. p. 686. 

Very rare and small. 

138. ^$PlHlLLtNA dboobata, var. UNiLATEitA Chapman. 

^riUina deeorata, vor. ttnUaUra Chapman, 1001, etc., FFA. 1002, p. 410, 

pi. 86. fig. 17. 

A single specimen, exactly resembling Chapman's figure. 

139. Spxbuxina campant'la, sp. nov. (PI. 36. figo. 33'-41.) 

Test minute, thin-walled, free or sessile, campannlnte or bell-shaped, bnt 
more or less laterally compressed, the oftex of the bell obtusely rounded. 
The exterior surface of the test, viewed as an opaque object, is dnll, and the 
sutural lines are flush and otily visible as internal markings. Viewed as a 
transparent object under a high power, the surface is slightly rough or scaly, 
and the interior of the bell is filled almost to the rim with au unseptate iub^ 
which, starting from a rather large prolocolura occup3riog ffae apex of the 
hell, is coiled in 3-5 convolutions round a solid oentral axis or tohmrlh. 
Viewed from the ba«e of the bell, the nmhilioas is solid, smooth, aud mthmr 
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M. 1808-10, CS. D. DX Montfobt.— O onobyliologid Systdmatique etc., 2 tols. Pftri«» 
1808-10. 

M. 1898, etc., FM. F. W. Millrtt.— Report on the Recent Foraminifera of the Malay 
Arcbipelngo contained in Anchor-Mud, collected bj Mr. A. Durrand, 
F. R.M.S. J. R. Micr. Soc. 1898-1904. 

d’O. 18!20, TMC. A. D. n'OnBiGNY. — Tablt^au M^thodiq le de la Claeae dea Odphalopodea. 

Ann. Sci. Nat. (Pari^i), vol. vii. pp. !>45>314, pla. 10-17, 
d’O. 1K20 (Modelea). A. J). n'ORBiciNY. — ModMoa de C4pli&]o]M)de8 Microacopiquea vivanta 
et foAfdlea. Parin, 1820 (2nd i'^aue, with new Catalogue, 1843). 
n'O. 1839, FC. A. D. d'Oubigny. — F oTanlinif^roa. In 11. de la Sagra: Hiat. Phya, Pol. et 
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ForaininiferBH. Pari«, 1839. 

d’O. 1839, FIC. A. D. d’Orhiony.— Foraminiferea. In Barker- Webb & Berthelot, lliat. 

Nat. den Ilea (’anaries, vol. ii. pt. 2, pp. 1 19-140, 3 pis. Paris, 1839. 
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dll Basain de Paris. M4m. Soc. (leol. France, vol. iv. pp. l-ol, pis. 1-4, 
d’O, 1 840, FFV. A . 1 ). d’Orbion y. — Foraininiferes Fossiles du Ba&siii ’I'ertiaire de Vienne. 
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d’O. 1850, etc., PP. A, D. d’Orhigny. — Prodrome de Pnldoutologie stratigrapbique 
imi\orselle des Animaux molluaijues et rajonnes. Paris. Vol. i. 1849; 
vol. ii. 18.50; \oI. iii, 1852. 

P. 1858, MTS. \V. K. Parkkr. — On the Miliolitidie of the East Indian Seas. 1^. i. 

Milwla. Trans. Micr. Soe. Loud., n. s., vol. vi. pp. 53 59, pi, 5 & figs. 

P, & J. 1850, etc., NF. W. K. Parker, T. U. J<>nb», and oth«rH.-*On the Nomenclature 
of the Foraminifern. Ann. & Mag. Nnt. Hist. 1859 to 1872. Pts. 1 16. 
P. & J. J865, NAAF. W. K. Parker 5: T. R. .Jonkh.— On some Foraminifera from the 
North Atlantic and Arctic Oceans, etc. Phil. Trans. Hoy. Soc. (London), 
vol. civ. pp. 325-441, pis. 12-19. 

R. 1819 50, FOT. A. E. Reuss. Neue Foraniiniferen aus der Schichteii des ocsterreich- 
isclien Tertiarbeckeiis; Denhbchr. Math. Nat. Kl, d. k. Ak. Wiss. Wien, 
vol. i. 1 850, pp. 30.5 390, pis. 45 -61 *, 

R. 1845-40, VBK. A. E. Kkuss. — D ie Versleinemugeii der btihmischeu Kriedeformation 
Stuttgart, 4to, 1845-40. 

11. 1862, NIIG. A. Rkubs. — Die Foraminiferen des Nurddeutschen Hils und Oault. 

Sitzb. Ak. Wiss. Wien, vol. xlvi. Abth. i. (1803), pp. 5 100, pis. 1-13. 
K. 1800, FABS. A. E. Rkusr. — Dio Foraminiferen, Anthozoen. uud Bryozoen des 
Deutncben Septarieiithoiies. Denkscbr. Ak. Wiss. Wien, vol. xxv. 
(1805), pp. 117-214, pU 1 11. 

It. 1860, FOG. A. E. Rkfss. — Zur Fossile Fauna der Oligocanschicliten von Oaas. Sitzb. 
Ak. Wiss. Wien, vol. Iv. Abth. i. pp. 17 -182, pis, 1 8. 

R. 1906, FLC. L. Rhumb riER — Foraminiferen von Laysan und den Chatham Inseln. 

Hpengers Zoologischor Jahrbucher, vol. xxiv. pt. i. pp. 21-80, pis, 1-5, 

S, 1854, OP. M. S. ScuuLTZB. — Ueber den Organismus der Pol>thAlaiuieii (Foraminiferen) 

nebst Bemerkungcu uber die Rhizopodeii in Allgemeiuen. I^eipzig, 
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* This paper is variously referred to as being dated 1840 nud 1850. It was read in May 
1849, and all the separate copies were dated on a special title-page 1849, but ihe volume of 
which it forms part wa.M issued in 1850, and is so dated. 
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CommosH and preaeating all the nsoal modifloattona oC bioonvexity. Hie 
apedmena are for the most part strongly developed. No specimens of the 
tnbercalate varieties, so abandunt in some tropical gatherings, were seen. 

197. iJiPBiaTxaiHA Lxaaomi, vor. oibba (rOr%ny. 

giliba d’Orbigny, 1896, TtfC. p. 304, nSt 6. 

„ mmnillata d’Orbigny, 1846, FPV. p. 208, pi. 12. figs. 0-8. 

„ leuonii, var. (fibba Heron-Alien & Earlaad, 1914-16, PKA. 
p.737. 

This variety is l^irly frequent and typical. It is characterized by its 
marked piano-convexity. 

OPBROt'i,iNA d’Orbiyni/. 

198. OpBRCrrjNA oomptanata {Itefranee). 

LentieutUes eomplauata Uefranoo, 1822, Diet. 8ci. Nat. voL xxv, p. 46.3. 
Operndina „ d’Orbigu}, 1826, TliC. p. 281, no. I, pi. 4. figs. 7-10 ; 

Modulo, uo. 80. 

„ „ Brady, 1884, FC. p. 143, pi. LI2. figs. 3-6, 8. 

„ „ Heron Allen & Karland,, 1914-16, FK A. p, 737. 

Extremely rare ; represented by two inoderaU>-sized water-worn specimens 
and one very minute individual. The rarity of this form is noteworthy. 

HETEBOSTKJilNA if Orbiijulf. 

199. Ubteuostwhna pkpkbssa d’OMyny. 

ffetfroategiita depreuta d'Orbigny, 1826, TMC. p. 306, pi. 17. figs, 6-7; 
Module, no. 99. 

„ „ Brady, 1884, FC. p. 746, pi. 112. figs. 14- 20. 

„ lleron-AUen & Kurland, 1914r-16, FKA. p. 738. 

Rare, but large and well-developed. 

List of irorl’s referred to in Abbreviated Beferenees in this Report. 

B. 1837, LO. H. ft. Bbowk.— Loth«a fteognostica. Stuttgart, 1887-8. 

B. 1865, F8H. J. ft. Bobnkmaitn.— D ie mi^skopische Fauna dm Septarisnthonm von 
Hemudorf bei Berlin. Zeitechr. d. Beutsch. geol. Ges. vol. vii. pp. 307- 
371, pis. 12-21. 

B. 1864, RFS. H. I). Bbaoy. — ftn the Bbizopodal Fauna of the Sbetlande. Trans. Linn. 
Soc. (London), vol. xxiv. pp. 408 476, pi. 48. 

B. 1870, KTR. ft. S. Beady, I). Robhboton, & IL B. Bbady.— The Oetracoda and 
Foiamlnilera of Udal Rivera. Ann. & Mag. Nat, Uiat. aer. 4, voL vi. 
pp. 278-306, pli. 11, 12. 

B., P., A J. 1870, GP. IL M. Bbady, W. K. I’ABxaB, & T. R. Jonjul— A Monograph of 
the ftenuB P/dymorpMea, Trans, liinn. Soc. (London), vol. xxvii 
pp. 197-263, ph. 89-42. 

B. 1879, etc., RBO. H. B. Brady.— Ueticnlarian Rhisopoda of the 'Ohallengei* Expe- 
dition. Q. Joum. Micr. Sci. n. s. vol, zix. pp. 20-63, pis. 3-6 ; pp. 261- 
299, pL 8 ; vol. xzi. 1881, pp. 37-71. 
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190. NoKIONIKA (JMBILIOATULA {MofUOj^), 

NauiUua umhiUcatulus HontagOi 1808» TB. p. 191 ; Suppt. p. TS* pi. 18. 
fig. 1. 

Nonionina umbiKeatula Brady ^ 1884, FC. p. 728, pi. 109. figs. 8, 9. 

„ „ Heron-Alien & Earlsnd, 1914-15, FKA. p. 780. 

A single small specimen. 

191. Nonionina pauj»£BATA Balkwill 4* Wright. 

Nomonina pauperata Balkwill ft Wright, 1885, DIS. p. 353, pi. 13. figs. 26, 26. 

„ Heron- Alien ft Earland, 1908, etc., SB. 1911, p. 342, 

pi. 11. figs. 16, 17; 1914-15, FKA. p. 732. 

Frequent and typical. 

PoLYSTOMBLLA Lamorck. 

192. PoLYSTOMBLLA STRIATO-PONCTATA (Fichtel 4 Moll). 

yautihis striato-^punctatva Fichtel ft Mol), 1798, TM. p. 61, pi. 9. figs. a-r. 
Polgatomella sinato-pwicUtta Brady, 1884, FC. p. 733, pi. 109. figs. 22, 23. 

„ „ Heron-AUeo ft Earland, 1914-15, FKA. p. 733. 

A single small but typical 6]>ecimen. 

193. POLYSTOMBLLA CBISPA (Lwni). 

Sauillus cria^ms Linnc, 1788, p. 3370, no. 3. 

Polgattmeila criapa Brady, 1884, F(k p. 736, pi. 110. figs. 6. 7. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 733. 

Not uncommon, but Hiuall and weakly developed. 

194. PoLYSTOMELLA MACELLA (Ficlltel 4 Moll). 

Nautilus macellus Fichtel & Moll, 1798. TM. p. 66, pi. 10. figs. e^j. 
Polystamella macella Brady, 1884. FC. p. 737, i»L 110. figs. 8, 9, 11. 

„ Ileron-Alleu ft Earland, 1914-15, FKA. p. 734. 

Frequent and typical. 

195. PoLYSTOMELLA MiLLBTTi //#»ro«-A//^w tS' Karland. 

? Polysiomella verrieulata Milloit, 1898, etc., FM, 1904, p. 604, pi. ll. fig. 3. 
„ milUtli Heron- Allen ft Earland, 1914-15, FKA. p. 735, pi. 53. 

figs. 38-42. 

A single small and starved but unmistakable specimen. 

Sub-family N n M M u L i T i N ab. 

Amphistboina (VOrbigpy. 

196. Amphistegina lessonii tPOrbigny. 

Amphistegina lessonii d’Orbigny, 1826, TMC. p. 304, no. 3, pi. 17. figs. I 4; 
Modele, no. 98. 

„ „ Brady, 1884, FC. p. 740, pi. 1 1 1 . figs. 1-7. 

„ „ Heroii-Allen ft Earland, 1914-16, FKA. p. 786. 
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juxtaposed groups. The finer material prorided an abundant supply of 
immature specimens, which when mounted in balsam exhibited a large 
primordial chamber with chitinous linings followed by a single coil of about 
twelve globular chambers of gradually increasing size, in one plane. The 
chambers in the convolution are separated by dense, solid shell-substance. 
On completion of rather more than a single convolution, the chambers 
become less spherical and are irregularly heaped over their predecessors as 
in Gypmia, The spinous processes, perforated by secondary canals, are seen 
to originate from a solid l;iyer of shell-substance on the outer wall of the 
primary coil. The general colour of the specimen is much loss conspicuous 
than in most '^Tinoporus gatherings^’ which have been examined. The 
species generally gives a yellowish-orange tint to the sands in which it is 
predominant, hut the Lord Uowe specimens arc nearly white. 

The complicated synonymy of this organism is fully discussed in the 
papers quoted above, and in others referred to in those papers. 

POLTTKEMA RisSO. 

187. PciLYTUKMA MINlACKt^M (Pallas). 

Milleporu miniaiw J^allas, 1766, Elenchus Zoophytorum, p. 251. 

Polytrema viinuiceum Brady, 1884, FC. p. 721, pi. iOO, figs. 5-6; pi. 101, 
tig. 1. 

Heron- Allen & Earland, 1922, TN. p. 221, pi. 8 ; 1 922, 
FGA. p. 189, pi. 2 (numbered 1). 

('uriously ran?. The specimens call for no particular comment. A few 
specimens of tin? Free early stage were observed. 

188. PoLYTiiBMA MINIACEITM, var. ALBA Carter. 

Pohjtrema miniacenw, var, album Carter, 1877, OB. p. 213, pi. 13, figs. 14, 15. 
„ „ „ alba Brady, 1884, FC. p. 721, pL 101. figs. 2, 3. 

„ „ „ „ Ueron-Allen & Earland, 1922, TN. 226. 

As usual, rarer than the typo, but unmistakable. 


Family NUMMULINIDAS. 

Sub-family Polystomblunac. 

Nonionina d ' Orhigny . 

189. Nonionina depkessula {Walker ^ Jacob). 

Nautilue d'^reseulus Walker & Jacob, 1798, AEM. p. 641, pi. 14. fig. 33. 
Nonionina depreasula Brady, 1884, FC. p. 725, pi. 109. tigs. 6, 7. 

„ „ Heron-AUen & Earland, 1914-15, FKA. p. 730. 

Very rare and minute. 
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chanibors often running in irregular chains, tfaick-walled, coarsely perforate, 
bat without exogenous shell-matter, colour inclined to pale red running to 
dirty white. The final chamber of an extended series is often subglobular 
in shape and of large size. 

The first variety suggests t/olorladina pustulifera Carter (C. 1880, SGM. 
p. 447, pi. 18, figs. 4, but lacks the terminal perforation of the spine, 
upon which Carter lays a stress which appears to us to be superfluous. 

183. Gypsina rubra {(TOrbigny). 

Planorbutina rubra d'Orbigny, 1826, TMC. p. 280, no. 4. 

.. Fornasini, 1908, SON. p, 44, pi. 2. fig. 3. 

(rypsina „ Heron- Allen & Earland, 1914-15, FKA. p. 725, pi. 53. 
figs. 35-37. 

Many large fragimmts. The exogenous shell-growth is not so abnormally 
developed as is usually the case in this form. 

184. Gypsina vesicularis {Parker d* Jones). 

Orbitolina ve»icularis Parker & Jones, 1859, etc., NF. I860, p. 31, no. 5. 
Gg 2 ^sina Brady, 1884, .FC. p. 718, pi. 101. figs. 9-12. 

Heron- A lien & Earland, 1914-15, FKA. p. 720. 

A few large water-worn specimens. 

185. (lYPSINA GLOBULl'S {Pettss). 

Ceriopora globtilus Lieuss, 1847, Haidinger’s Naturw. Abh. vol. ii. p, 33, pi. 5. 
hg. 7. 

Gypsina ,, Bnidy, 1884, FC. p. 717, pi. 101. fig. 8. 

„ Heron- Allen & Earland, 1914-15, FKA. p. 727. 

Large, but infrequent. 


Baculogypsina Sacco. 

186. Baculogypsina sphjerulata {Parker cS* Jones). (PI. 37. fig. 65.) 

Orbitolina sphcemlata Parker & Jones, 1859, etc., NF. I860, p. 33. 

2'inofiorus bacvlaius Carpenter, 1856, etc., RF. 1860, p. 564, pi. 18, figs. 2-6. 

„ „ Brady. 1 884, FC. p. 7J 0, pi. 101. figs. 4-7. 

Baeuloyyj)sina haculata Silvestri, 1905, B. p. 09, fig. 2. 

„ sphasmlatys Cuslmiao, 1921, FP. p. 359, pi. 75. fig. 6. 

Extremely abundant ; attnining large dimensions nnd exhibiting great 
variety in the number, arrangement, and development of the spines or lobose 
processes. These frec^uently have a furcate appearance, but minute exami- 
nation shows that this appearance is due to tlie close proximity of separate 
processt^s. Some of ilie specimens are almost spherical, and in these, us 
u rule, the processes are short and inconspicuous, though often occurring 
in greater numbers than usual, and occasionally concentrated into closely 
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Very rare. Thig is the type with the sunken umbilicus and pronounced 
sutures as contrasted with the smooth and rounded type P, tnkheliniana. 
We have gone into this mutter on several occasions, and particularly 
ut supra. 

179. PULVINULINA ELEGAN8 {tVOrbigny). 

Botalia {TuM^nuUm) elegans d’Orbigny, 182B, TMC. p. 276, no. 54. 
Pulvintdina eUgatis Brady, 1884, FC. p. 690, pi. 105, figs. 4-6. 

„ „ Heroii-Alleu & Earland, 1914-15, FKA. p. 717. 

One small and broken specimen. 

Rotalia Lamarck. 

180. Rotalia bbccaiui { Linne ). 

Nautilus hecearii Linne, 1767, 8N. p. 1162; 1788, 8N. p. 3370. 

Boialia (I'urbinulina) beccarii d'Orbigriy, 1^26, TMC. p. 275, no. 42; Module, 

no. 74. 

„ beccarii Brady, 1884, FC. p. 704, pi. 107. figs. 2, 3. 

Urie large but very weak specimen, hardly separable from the next species. 

181. Rotalia perlucida lleron^ Allen /Garland. 

Rotalia beccarii { pars) Balkwill So Wright, 1885, RIS, p. 351. 

„ perhtcida Heron- Allen & hlarlaiid, 1913, Cl. p. 139, pi. 13, figs. 7-9 ; 
1914-15, FKA. p. 718. 

Not uncommon. ExtrcMuely depressed and pauperate. 


Sub-family Tinoporinac. 

Gypsina Carter. 

182. Gypsina inhasuens {Sckaltze). (PI. 37. figs. 62-64.) 

AcervuUna m/icertfu# Schultze, 1854, OP. p. 68, pi. 6. fig. 12. 

Gypsina ,, Brady, 1884, FC. p. 718, pi. 102. figs. 1-6. 

Heron- Allen & EarJand, 1914-15, FKA. p. 724. 

Very common, and, as usual, very variable in the size of the chamberlets. 
One specimen was observed characterizeil by the extremely small size of 
the constituent chambers, some of which are broken and disclose tightly 
packed young individuals within (fig. 62). 

Among the noticeable variations are two forms : one, white with very- 
large and loosely aggregated chambers, often extending in acervuline 
projections, and sometimes fairly smooth and coarsely perforate, at others 
covered with densely aggregated spines of secondary shell-matter. The 
shape may possibly be due to the irregular surface of the host from which 
the specimens have become detached. In another variant, possibly more 
nearly relate.d to 6r. rubral the form is wild-growing, large-chambered, the 
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172. Truncattjlina pbjbcinota Kamr. 

Eotalia pvcrehwta Karrer, 1868, MFKB. p. 189, pi. 5. fig. 7. 

Truneatiilina „ Brady, 1884, FC. p. 667, ph 96. figs. 1-3. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 709. 

Very rare, but typical. 

PULVINULINA Parker cj- Jones. 

173. PULVINULINA REPANDA (Ficktel iMoH). 

Nautilus repandus Fichtel & Moll, 1798, TM. p. 35, pi. 3. figs. ci-d. 
Jhilvinulina repanda Brady, 1884, FC. p. 684, pi. 104. fig. 18. 

„ „ Heron-Alien k Earland, 1914-15, FKA. p. 713. 

F'requent and some oE the specimens are large, but nearly all broken or 
water-worn. 

174. PULVINULINA LATERALIS {'Perquem). 

liogalina lateralis Torquem, 1878, FIR. p. 25, pi. 2. (7) fig. 11. 

Pidvinulimi ,, Brady, FC. p. 689, pi. 106. figs. 2, 3. 

„ „ Heron-Alien k Earland, 1914-15, FKA. p, 714, pi. 53. 

figs. 6-11. 

One large and typical specimen. 

175. PULVINULINA CONCENTRICA Parker it Jones. 

Ptdviuulina concentrica Parker, Jones, & Brady, 1864, RFS. p. 47u, pi. 48. 
fig. 14. 

„ „ Brady, 1844, FC. p. 686, pi. 105. fig. 1. 

„ ,, Heron-Alien & Earland, 1914-15, FKA. p. 714. 

Small, but frequent and typical, 

176. PULVINULINA CANAIUENSIS (d^Orhigny), 

Botalina camiriensis d’Orbigny, 1839, FIC. p. 130, pi. 1. figs. 34-36. 
Pulvinuliiia „ Brady, 1884, FC. p. 692, pi. 103. figs. 8-9. 

„ ,, Cushman, 1921, FP. p. 338, pi. 66. fig. 1. 

Rare, but quite typical. 

177. PULVINULINA CRASSA {iVOrlngny). 

Motnlina crassa d’Orbigny, 1840, CBP. p, 32, pi. 3. figs. 7, 8. 

Pulvintdina „ Brady, 1884, FC, p. 694, pi. 103. figs. 11, 12. 

„ „ Cushman, 1921, FP. p, 338, pi. 67. fig. 3. 

iVequent and well-developed. 

178. PULVINULINA TUUNCATULiNOiDEs (iV OrUgny). 

lioialina truncaUdinoides d’Orbigny, 1839, FIC. p. 132, pi. 2. figs. 25-27. 
PulvinuUna „ Hcron-Allen & Earland, 1922, TN. p. 216. 
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Flahobbuuka ^Orbi§ny, 

166. pLAKOBBUlINA MBDITBRBAN'BOsm (2* (7r%ny. 

PhnorbuUna nudiUrrantmit d’Orbigay, 1826, TMC. p. 280, pi. 14. figs. 4-6 ; 

Module, no. 79. 

„ „ Brady, 1884, FC. p. 656, pi. 02. figs. 1-3. 

„ „ Heron-AUen A Sarland, 1914-16, FEA. p. 706. 

A lingle large specimen. 

167. Plakorbolima larvata Parker ^ Jones. 

PlanorhuUna vvlyaris, var. larvtUa Parker & Jones, 1859, etc., NF. 1860, 
p. 294. 

„ larvata Brady, 1884, FC. p. 668, pi. 92. figs. 6, 6. 

„ „ Heron>Allen & Earland, 1914-16, FEA. p. 706. 

One somewhat doubtful specimen. 

Truncatplina dOrbigny. 

168. Tbdhcatuuna lobatula ( Walker 4' Jacob). 

Nautilus lohatulus Walker & Jacob, 1798, AEM. p. 642, pi. 14. fig, 35. 
Truneutuliua lobatvla Brady, 1884, FC. p. 660, pi. 92. fig. 10 (etc.). 

„ „ Heron-Alien & Earland, 1914-16, FEA. p. 706. 

Oommon and presenting the usual range of rariation. 

169. TBimCATiTLlHA VARUBiLis d’Orbigny. 

Trunealulina variabilis d’Orbigpiy, 1826, TMC. p. 279, no. 8. 

„ „ Brady, 1884, FC. p. 661, pi. 93. figs. 6, 7. 

„ „ Heron-AUen & Earland, 19 14-16, FEA. p. 706 ; 1922, 

FGA. p. 137, pi. 1 (numbered 2). figs. 38, 39. 

Very common, ranging from normal variations up to the wild-growing 
Soldanian types. 

170. Tbonoatulina RBruLasNs (Mont/oH). 

Oibieidet refutgens Montfort, 1808-10, CS. rol. i. p. 122, SI™" genre. 
Truneatulina „ Brady, 1884, FC. p. 669, pi. 92. figs. 7-9 

„ Heron-Alien & Earland, 1914-15, FEA. p. 707. 

Very common and highly typical. 

171. TbunoatuLiNA UNGBBIANA {(POrhigny). 

BotaJina umgerwna d’Orbigny, 1846, FFV. p. 157, pi. 8. figs. 16- 18. 
Truneatulina „ Brady, 1884, FC. p. 664, pi. 94. fig. 9. - 

„ „ Heron-AUen & Earland, 1914-15, FEA. p. 708. 

Frequent and well-developed. 
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is moderately common in the. material, as it is, indeed, in shallow-water 
gatherings from most tropical and temperate seas. Liebas and Schubert’s 
variety, J). tabernacularisy var. levis (Jahrb. k.-k. geol. Beichsanst. 1902, 
vol. lii. p. 301, fig. 5j, has many points of resemblance, but differs in the 
absence of the characteristic radial beading which decorates the base of 
i>. laurieiy as it does the base of D. tabernacularis, 

165. Discorbina pyramidalis, sp. nov. {PI. 37. figs. 56-61.) 

Test free, shaped like a four-sided pyramid with slightly excavated sides, 
and salient angles, consisting of 3-5 convolutions, each of four chambers, the 
widest portion of each chaiiiber being at the angle, and the sutural divisions 
running down the middle of each side. Shell-wall thick ; the base excavate, 
studded with beads, arranged radially, with the aperture of the final chamber 
in the umbilical recess. In all the specimens examined in balsam the 
primordial chamber is large and spherical, occupying as much as a quarter 
of the pointed apex of the pyramid. 

Several twinned pairs occur. The specimens are usually about the 
same size. There is a considerable range both in size and height of th«^ free 
individuals ; in fact, there appear to be two fairly distinctive forms, one small 
and more or less regularly pyramidal the height being roughly equal to 
tlie diameter of the base), the other with a height double that diameter. 
These may repn'sent the megalo- and micros[>heric stages of the organism. 
Among other variations noticeable are (I) a single three-sided specimen, 
(2) several speciimuis in which the angular edges of the pyramid are curving 
lines, so that, when viewed from the top, a spiral structure is suggested. 
Tlie shell is thick and free from surface ornamentation. 

This species is evidently closely allied to Millott’s />. corrwjata (M, 1898, 
etc., FM. 1903, p. 700, pi. 7. fig. 5). We have good examples of this, from the 
Arakan coast of Burmab. Milletl/s original types, which are in our possession, 
bear, in his handwriting, as locality Sagami Bay, Japan.’’ Millett’s form 
has five salient angles and a much less polished exterior than iKpyramidalis. 
We have typical specimens of J). pyramidal is from Suva, Fiji Is. (12 fms,, 
very rare), and we have noted its occurrence at ‘Challenger’ Station 185, 
“Raino Id.” (155 fms., also very rare), so that we may assume that the 
form is widely distributed in the tropical Pacific. It is of constant occur- 
rence in a series of shore-sands which we possess from St. Vincent’s Gulf 
and Spencer Gulf (S. Australia), and it also occurs in two shore-sands from 
W. Australia (Fremantle and Kottiiest Island). The lack of snitable 
material from tlie remaining shores of Australia renders the records incom- 
plete, but it appears highly probable that tlm species will bo found to be a 
typical form in An.^tralian shore-gatherings. 

Size. Basal diameter at edges '08-* 16 mm. (small typo) to *28 mm. (large 
type). Heiglit •05-*21 mm. (small type) to *35 mm. (large type). 
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160. Disooebina pulvinata Brady. (PI. 96. figs. 42-46.) 

IHieorbina puhinata Brady, 1884, FC. p. 660, pL 88* figs. 10, a, b. 

ft tf Sidebottom, 1904, etc., BED. 1908, p. 14, pi. 6. fig. 4. 

If ff Heron^Alleii & Earland, 1914-16, F£A. p. 703. 

Frequent, and the specimens rarjr between relatively smooth and highly 
corrugate on the superior face: Nearly all of them exhibit budding"’ in 
various stages, from a single minute primordial chamber in the umbilicus of 
the oral side to specimens in which the base and internal septa have disap- 
peared by absorption. Two individuals with young brood clustered round 
the orifice were observed, which we figure. 

161. Discorbina PATELLIFORMIS Brady. 

Ducorhina paUllifomxis Brady, 1884, EC. p. 647, pi. 88. fig. 3 ; pi. 89. fig. 4. 
„ „ Hidebottom, 1904, etc., RFO. 1908, p. 14, pi. 6. fig. 3. 

„ ,, Heron-Alien & Earland, 1914-16, ESA. p. 703, 

pi. 62. fig. 32. 

Very common and attaining a large size. The specimens are perfectly 
preserved and very handsome. One budding pair of small individuals 
was observed. 

162. Discohbina hakmbri Heron- Alien Earland. 

Discorbina harmeri Heron-Allcn 'Earland, 1922, TN. p. 204, pi. 7. figs. 9-11. 
One minute but typical specimen. It is interesting to note the occurrence 
of this recently described species in a new area, though it is evidently not 
firmly established there. 

163. Discorbina tabebnaculauis Brady. (PI. 36. figs. 47-49.) 

Discorbina tabemacularis Brady, 1884, EC. p. 648, pi. 89v figs. 5-7. 

„ „ Heron-AUeu & Earland, 1914-16, EKA, p. 704. 

Common and quite typical. Many budding^’ and associated pairs ; also 
individuals with the base and septa eroded. A specimen of the latter where 
the internal cavity was filled with young individuals (fig. 49). 

164. Discorbina lauribi, nom. nov. (PI. 36. figs. 60-52 ; PI. 37. figs. 53-65.) 

DUeorhina iabemaeuiaris Sidebottom, 1910, BEBP. p. 25, pi. 3. fig. 12. 

The little test figured by Sidebottom though doubtless allied to D. taber- 
nacularis cannot be taxonomiculiy referred to that species. It has many 
points of distinction : the paucity of chambers, which rarely exceed two con- 
volutions of five chambers each; its blunted, or rounded, apex, with a 
prominent primordial chamber ; its greatly inferior but constant size ; and 
perhaps, most of all, its constant habit of “ budding pairs. S[>ecimens 
which do not present this feature are so ancoiiimon as to be noticeable. It 
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154. Disoorbina valvulata {d'OrUgny). 

Bosalimt valvidata d’Orbignj, 1826, TMC. p. 271, no. 4; 1836, FIC. p. 186, 
pi. 2. figs. 16-21. 

DUcmMna ., Brady, 1884, FC. p. 614, pi, 87. figs. 5-7. 

,, „ Heron* Allen & Earland, 1914-15, FEA. p. 695. 

Common. Very fine and typical specimens. 

155. Discorbina renikormis lleran-Allen Sc Earland. 

Discorhina reniformis Heron- Allen & Earland, 1914-15, FKA. p. 698, pi. 52. 
figs. 7-14. 

A single quite characteristic specimen of this very obscure species. It 
appears to he very widely distributed over the Indo-Pacific area, though it 
is always rare. 

156. Discorbina iujgosa (jVOrhigny). 

Itosalina rugosa d’Orbigny, 1839, FAM. p. 42, pi. 2. figs. 12-14. 

THseorUna „ Brady, 1884, FC. p. 652, pi. 87. fig. 3; pi. 91. fig. 4. 

„ ,, Heron-Alien & Earland, 1914-15, FKA. p. 197. 

Hare, but very fine and typical specimens. 

157. Discorblva polystomelloides Parker d* Jones. 

Discorhina pohjslomelhides Parker Sl Jones, 1865, NAAP. p. 421, pi. 19. fig. 8. 

Brady, 1884, FC. p. 652, pi. 91. fig. 1. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 698, 

pi. 52. figs. 19-23. 

Common and attaining comparatively enormous dimensions, the largest 
having a niaxiinuni diameter of 3 mm. The specimens vary considerably in 
their surface ornament, some having developed secondary shell-structure in 
the form of heads and ribs to an extent that we have never previously 
observed in this species. 

168. Discorbixa rimosa Parker S' Jones. 

Discorhina rimosa Carpenter, Parker, & Jones, 1862, ISF. p. 205. 

„ „ Millett, 1898, etc., FM. 1903, p. 702, pi. 7. fig. 7. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 700. 

The specimens referable to this species merely tend to confirm our views 
expressed (at supra) as to the inexpediency of separating this species from 
Jj. poh/stomelloules. They could very well be included as pauperate speci- 
mens of the latter, in view of the wide range of variation exhibited by that 
species. 

159. Discorbina rarescens Brady. 

Discorhina rarescens Brady, 1884, FC. p, 661, pi. 90. figs. 2, 3, ?4. 

„ „ Heron- Allen & Earland, 1914*15, FKA. p. 700. 

One small but perfectly typical specimen. 
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147* Disoorbina vilabdsboaka (d*Orhiffny). 

Bowlim vilarMoana d’Orbigny, 1889* FAM, p. 44, pi. 0. figs. 13-16, 

•1 „ Bra^, 1884* FC. p. 645, pi. 86. fig. 12 ; pi. 88. fig. 2. 

,* *, Heron-Alien ft Earland, 1914-15, FEA. p. 692. 

Frequent and generally small, but some of the specimens attained very 
large size. 

148. Discobbina rosacea (d^Orhigny). 

JRotalina rosacea d'Orbigny, 1826, TMC. p. 273, no. 15 ; Modole, no. 39. 
Diseorhina „ Brady, 1884, FC. p. 644, pi. 87. figs. 1, 4. 

„ „ ^ Heron- Allen ft Earland, 1914-15, FEA, p. 092. 

Frequent and typical. 

149. DiscoitBiNA BACGATA Ilevon-Allen Earland. 

Discorhina haccata Heron-Alien & Earland, 1913, Cl. p. 124, pi. 12. figs. 1-3 ; 
1922, TN. p. 200. 

A single small but typical specimen. 

150. Discorbina turbo (iVOrbigny). 

Eotalia (Trochulina) turbo d'Orbigny, 1826^ TMC. p. 274, no. 39; Module, 

no. 73. 

DiscorHna turbo Brjidy, 1884, FC. p. 642, pi. 87. fig. 8. 

„ „ Heron-Alien ft Earland, 1914-15, FEA. p. 693. 

A single small specimen. 

151. Dwoorbina mediteruanensis (d^Orbigny). 

Uosalina meditermnensis d'Orbigny, 1826, TMC. p. 271, no. 2. 

Discorhina „ Heron-Alien ft Earland, 1913, Cl. p. 118, pi. 9. 

figs, 12-14, pi. 10. fig. 1 ; 1914-15, FEA. p. 693. 

Common and very typical. 

152. Dxscorbina globularis {d'Orbigny). 

Bosallna globularis d'Orbigny, 1826, TMC. p. 271, no. 1; pi. 13. figs. 1-4; 
Module, no. 69. 

Discorhina „ Brady, 1884, FC. p. 643, pi. 86. figs. 8, 13. 

„ „ Heron-Alien & Earland, 1914-15, FEA. p. 694, pi. 51. 

figs. 30-39. 

Very common, presenting every range of variation from depressed forms 
hardly separable from 1). com to highly inflated specimens separable only 
from I), calvulata by the absence of limbation. 

153. Discobbifa arauoana {d^Orbigny). 

Uosalina araucana d'Orbigny, 1839, FAM. p. 44, pi. 6. figs. 16-18. 

Discorhina araucana Brady, 1884, FC. p. 645, pi. 86. figs. 10, 11, 

„ „ Heron-Alien ft Earland, 1914-15, FKA. p. 695. 

Common and fairly typical, varying considerably in size. 


45 * 
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Cymbalopora Hagenow. 

141. Cymbalopora pobyi {d^Orbigny). 

lloaalina poeyi d’Orbigny, 1839, FC. p, 92, pi. 3. figs. 18-20. BoUdta 
mosa^ p. 91, pi. 3. figs. 12-14. 

Cymbalopora poeyi Brady, 1884, FC. p. 636, pi. 102. fig. 13. 

.. Heron>Allen & Earland, 1914-15, FKA. p. 637. 

One small and weak, and one large and typical specimen. 

142. Cymbalopora millettii fleron^AUm <S* Earland, 

Cyhihalopora bulloides Millett, 1898, etc., FM. 1903, p. 697, pi. 7. fig. 4. 

., milhttn Heron-Alien & Earland, 1916, FKA. p. 689, pi. 51. 
figs. 32-415. 

,, „ Heron-Alien, 1915, RPF. p. 253, pi. 16. fig. 36 ; pi. 17. 

figs. 46-48, 50, 51. 

One perfect specimen with the characteristically marked balloon, and a 
number of specimens of the apical rotaline mass of chambers. 

Discorbtna Parker Jones, 

143. Discorbina cora {dU)rhigny), 

Jlosalhia coro d’Orbigny, 1839, FAM. p. 45, pi. 6. figs. 19-21. 

„ ,, Heron-Alien & Earland, 1915, FKA. p. 690; 1922, FOA. 

p. 133, pi. 1 (numbered 2). figs. 33-35. 

Fairly typical examples of this very primitive form of D, globu/aris occur, 
but they are rare. 

144. Discorbina nitida ( Williamson), 

liotcdina nhida Williamson, 1858, RFGB. p. 54, pi. 4. figs. 106 -108. 

Eotalia „ Brady, 1884, FC. p. 627. 

Discorbina „ Heron- Allen A Earland, 1914-15, FKA. p. 691. 

Very rare, minute and weak. 

145. Discorbina concinna Brady. 

Discorbina concinna Brady, 1884, FC. p. 646, pi. 90, figs. 7, 8. 

„ „ Egger, 1893, FG. p. 388, pi, 15. tigs. 22-24. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 691. 

Frequent and typical. 

146. Discorbina isabelleana {d^Orhigny), 

Bosalina isabelleana d’Orbigny, 1839, FAM. p. 43, ])1. 6, figs. 10-12. 
Discorbina „ Brady, 1884, FC. p. 646, pi. 88. fig. 1. 

„ „ Heron-Alien & Earland, 1914-15, FKA. p. 692. 

Frequent. The specimens are good, hut small. 
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deepljr depressed^ showing no sign of coiling or of an oral aperture. As in 
SpipShfui luetdct Bidebottom, the oral extremity of the tube is compressed and 
sealed into the outer wall of the test. The protoplasmic body, which is dark 
yellow in colour and full of minute granules of darker tint, is voluminous 
and occupies the whole of the convolutions. 

Spirillina campanula is interesting as presenting an entirely novel plan 
of growth. The genus is normally a planD-spirally coiled tube, but in most 
of the species a certain degree of asymmetry is observable between the two 
faces of the spire, one being raised and the other depressed. This tendency 
is particularly noticeable in S, vevertem Rhumbler and S. Ivcida Sidebottom, 
and is still more pronounced in S. groomit Chapman, but none of these can 
compare with the extraordinary convexity of S. campanula. 

The species is probably abundant at Lord Howe Island, as many specimens 
were found in spite of the very small quantity of fine material available for 
examination. All the specimens were free except one, which was sessile on 
a fragment of coralline. The perfect manner in which the rim of the bell 
with its excised edges adapted itself to the shape of the host suggests that 
such a sessile hai)itat may be normal, at any rate, up to a stage in the existence 
of the organism. Such conditions would acedunt for the peculiar form of 
the rim and the varying degree of compression of the bell. But a careful 
search of the small quantity of coralline available did not provide further 
specimens. 

One large individual has Install internal septa by absorption, and the entire 
cavity of the bell is packed with young individuals^ each consisting of a 
proloculum encircled by a complete coil of tube. At least ten individuals 
can bo counted in the cavity. 

The size and relative proportions are very variable. Five specimens 
measured *for height and maximum breadth gave the following measure- 
ments : — 


Height *15 

•075 

•15 

•095 

•115 

mm. 

Breadth '187 

•125 

•1C2 

•125 

•125 

mm. 

Four otliers measured gave : — 






Maximum breadth 

•135 

•1 

•11 

•095 

mm. 

Thickness at rim 

•107 

•08 

•087 

•08 

mm. 


Sub-family Bo tali in ac. 

Patkllina Williamson. 

140. Patellina corrugata Williamson. 

Patellina corrugata Williamson, 1858, BFOB. p. 46, pi. 3. figs. 86-89. 
„ „ Brady, 1884, FC. p. 634, pi. 86. figs. 1-7. 

„ „ Heron-Allen & Earlaud, 1914-15, FKA. p. 687. 

Common and typical. All of the rather low-domed, scaly type. 
LINN. JOURN. — ^ZOOLOGY, VOL. XXXV. 45 
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EXPLANATION OF THE PLATES. 

Platss 36-37. , 

Sbo^ring young individuals in fraetured chambor. 


Fig. 1. Nttbeeidaria lueifuga Be&ance. 

X 66. 

2-6. ,f tehamnitandi (Rhumbler). X 36, 

6-7. (Spinioetdim Unuiro$tra Karrer. Fig. 6. Central portion abraded, x 145. 
MiHoUM auberiuM^'^KS. umretkulata^r^ FVontview, ^ 

9. „ „ » „ Back view. > x 66. 

10. „ „ „ „ Oral view. ) 

11. Chderitea reetus, gesa. nov. et sp. nov. Side view, showing the expanding base, 

layers of chamberlets, and cribrate oral surface. X 30. 

12. „ 99 gen. nov. et sp. nov. Superior view of cribrate oral surface, 

showing nmilar structure underneath through fractures on 
surface-layer. X 30. 

13. JHfftmlina kumilitf gen. nov. et sp* nov. A perfect specimen attached to NulHpore, 

showing pustular processes on ^e surface, which is otherwise 
un-abrad^. X 28. 

14"16. „ 99 gen. nov. et sp. nov. Specimens showing partially abraded 

surface, exposing the labyrinthic protoplasmic structure 
(shown black), x 28. 

17« Saddowia tarrmensis Chapman. Toung textularian specimen, showing commence- 
ment of wild later growth, x 36. 

19-20. „ „ 99 Fully-developed specimens, showing textularian 

commencement to wild-growing portion, x 30. 
21. „ „ Showing the oral extremity, x 30. 

18 A 22. „ „ If Specimens incorporating large sand-grains. x30. 

23-24. BfUimma eleganttmma d’Orbigny. Fig, 23. The bud is a single chamber ; Fig. 24, 
developed into a young individual of several chambers. X 1 46. 
Bolivina Umbata, var. atbreviatOf nov. Side views. i 
27. „ « » » EdgB view, f 


Xl46. 


28. Fnndieulttna teaUH Heroit'AUen & Earland. 


80-31. tdteyenrit H«rdiHAllen Sc Eiarland. 

82. Ibmtilma grirndUH ijcUumtarger. x 26. 


Specimen from Lord Howe laland. 
Xl4«. 

Specimen from ‘Challenger’ Stn. 

186 (Baine Island). X 146. 
Xl46. 


33-34. Sj^iUina eampanukt 9 sp. nov. 

Side views, i 


85. 

99 H 

Apical view. > 

Viewed as opaque specimens. 

38. 

99 it 

Basal view. J 


87 88. „ 

99 tf 

Balsam mounts. 

Side viewa. 

89. 

19 ff 

fi 

99 

Apical view* Scaly surfocee 

40, 

99 If 

11 

19 

J^faaa] view. 

41. 

>» 11 

99 

If 

Specimen in wbieh tbe septa 


haring been entirely absorbed, the cmtral cavity is tilled with a , 
mass of young iudividnals, trliieh are ahown in optiealeectian. 
AU X S4a 

42. J)i$eorbina jM/nmitia findy. Superior view. 

48>46. „ ' ' fieeal view/ showing development of yoniig indi- 

vidtuds around orid api^re. 
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Fig. 46. BUeoi^ina y^vinata Brady. Batal view of tpeeimen m wVich the internal septa 

and central portion of the hase have been absorbed 
after process of reproduction. All X 145. 


47-48. 

»» 

tahemacularia Brady. Adult budded pairs. X 146. 

49. 


11 II 

Basal view of specimen, showing young 



individuals. (The marginal edge is broken away.) X 145. 

60. 

»i 

kiurieif nom. nov. 

Superior view. 

61. 


II ti 

Basal (oral) view. 

69-66. 

»> 

It ti 

Specimens showing budding young in various stages 



of development. All x 146. 

66. 


pyramidalis^ sp. nov. Side view, short (typical) form. 

67. 

o 

11 11 

„ long form. 

68. 


11 11 

Basal side view. 

69. 

J» 

11 11 

Apical side view. 

60. 

It 

11 11 

Basal view. 

61. 

It 

>1 It 

Budding pair. All X 146. 

62. 

Oypsim inhairens Schultze. 

Specimen showing young individuals in broken 




chamber, x 145. 

63. 

ff 

i» 11 

Specimen suggesting Uotodadina (see text). X o5. 

64. 

II 

11 •! 

Wild<^rowing speciiuen. x 25. 


C5. Baeuloffi/pgifM spharuUita (Parker k Jones). A young individual in balsam, 
showing the transition from the early rotaline plan of growth 
lo the acerruline later stages. The rotaline chambers are 
shown dark owing to the chitinous lining. Axial canals 
perforata the spines and communicate with the primordfal 
chamber. X K^. 
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[Synonyms and native names are printed in italics, A star * denotes the first 
publication of a name ; a dagger t denotes a fossil. The absence of an 
authority is due to omission by the respective authors.] 


Aaptos aaptos, 0. Schitndt, 479, 508. 

— adriattca^ Olrov, 508. 

A brulhos Islands: Amphipoda andlsopoda, 
1 ; Echinoderms, 229-251 ; Opistho- 
branchiata, 521 ; sea-pens, 21; sponges, 
477. 

Aeamarchis, Lamx., 297. 

— dentata, Lamx., 207. 

— neritina^ Lamx., 297. 

Acaiithodoris pilosa, 5fi9. 

Acantboleberis curvirostris, 425, 

437. 

Acarapis woodi, Hirst ^ 382. 

Acari, new species, 363-392. 

Aearus fnarffinatus, llerm., 366. 

Acermlim inharenSf Schultze, 637* 
Acroperus harpie, Baird, 423, 425. 
Actheres, 00. 

AeiinodcriSf Ehreiib., 553. 

— spoma, Ehrenb., 553. 

Actmomcira annulata. Bell, 233. 

— nigra, P. IL Carp., 232. 

— stelligera, P. H. Carp., 232. 

Actinophrys, Ehrenb,, sp., 457, 473. 
Adults, phyletic succession, 63. 

Aotea, Lamx,, 297, 308, 309, 316. 

anguina, 297. 

— ligulaita, Busk, 304. 

— truncate, LasM,, 297, 300. 

AHecpm, Boeck, 297. 

— dangaia, Boedr, 297. 
iEthuaa dliatifronB, Fax,, 47, 48. 

.fithusina, 48. 

— gracilipee, Mim^ 47, 78. 


Alcedo ispida, Linn., its brilliant colouring 
aposematic, 288. 

Alectc parvicirra, J. Muller, 2fi4. 

Algae, food of Daphnia, 416. 

Alicus rostratus, Triig,, 383. 

Allantion, ikmdun*, 461 ; mentd., 452,475. 

— lachyplooD, Handon^, 461 ; mentd., 452, 

467, 467. 

Alloniscus, Dam, 107; four spp., 108. 

— alluaudi, BoUf,, 108. 

— brevis, Bndde-Lund, 108. 

— elegans, BoUf., 108. 

— : guttatus, BoUf., 108. 

— nacreus, CoUinge^, J07, 108, ll:i. 

— pallidulus, Badde^Land, 108. 

— pigmentatus, Budde^Lund, 106. 

— tigris, BoUf,, 108. . 

Alloidoris, Bergk, 547. 

— hedleyi, O'Bon.*, 523, 547, 649, 650, 

677^ 579. 

— lannginata, Abrah,, 549. 

— marmorata, Bsrgh, 547, 548, 549, 550. 

A Iona aifinis, Lsyd., 425. 

— rustica, T, Scott, 425. 

Alonella excisa, 425. 

— uaua, 425. 

Alonopsis elongate, Sars, 414, 423, 42 4 
425. 

Altson, A. M., Method of ovipositiou and 
the egg of Lyctus brunneus, Bteph, 
217-227 ; Genital system of Lyctus 
brunneus, Steph,, 581. 

Alveolina> OA,, 612. 

— melo, Heron-AU, ^ Earl,, 612. 
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Alysidium, Bwky 206. 
--]afontu,Jh««A;,298. 

— parasiticuiu, Bv^f 298. 

Amastigia, Busk^ 298, 800, 326, 829, 389, 
347,868. 

— abysBioola, 336. 

— antarctica, 338. 

— benemunita, 831 , 334, iJ68. 

— caberioides, 836. 

— cragsimarginata, 334. 

— funicolata, 386. 

— gaussi, 888. 

— hirkpatricki, ZeiwMW**, 296, 328, 886, 

387, 888, 841, 868, 369, 861. 

— nuda, Butk, m, 831, 382, :13S, 836, 

369, 860, 361. 

— pateriformis, 839. 

— rudis, 382, 333, 334, 846, 360, 361. 

— solida, 338. 

Amblypneusteg pallidiia, FaimcwnneSf 249 ; 
distrib., 229, 282. 

Ameletus oraatua (Batan), vriiig-veing, 
i45-.ieo. 

— peracitus, Batan^ wing-veina, 163. 
Amoeba actinophora, Awrb., 462, 467, 468, 

470. 

— diploidea, 467. 

— limax, 2%., 467, 468. 

— limicola, Bhumb.f 469. 

— radiosa, Ehrenh,y 467 . 

— ap., 467, , 

— Btriata, Penftrd, 462, 469. 

— teriicola, Gre$f, 462, 467, 46f>. 

— veapertiliu, Penard, 462, 469. 
Amorphma Dwhamtinffi^ Topa., 608. 
Ampbimetra jacquinoti, A, It, Clarkf 234 ; 

distrib., 281. 

Ampbipoda from Abrolhoa, 1. 

Amphioxua, Yarr., 90. 

Aniphiategina, Or6., 640. 

— leaaonii, Orb,, 040. 

— — var. gibba, Or6., 641. 

— mamUlata, Orb., 641. 

AmfdUihoe aetosa, Haaw., 12. 

Anabmna, A. /mbs., food of Daphqia, 416. 
Anehinoe fictitloidea, Dmdyf 504, 479, 619. 
^ fictitiaa, J, Steph,, 605. 

Ancorina aapM, 0. Schmidt, 608, 609. 

•— adriatieOf Voam,, 608. 

— auatfalienaia, Lendm^,^ 476, 492. 

— brevideoa, ZkmdSy «, 498, 478, 479, 619. 


Andeiaonia, Bouienger, 298. 

AndersM/Uaf Kluge, 298, 329. 

— antartdica, Kluge, 298, 388. 
Anderoaonia, Strehel, 298. 

Angaaiella, Angas 4r Cro8», 568. 
Anguinariaf I^am., 298. 

— Lam., 298. 

— truneata, Landab., 304. 

Angularia, Busk, 298. 

Aniaonema minua, Sandon*^' 462, 475; 

mentd., 452, 467. 

Aniaoptera, mentd., 143. 

Antedon, Frem.t 80, 93, 96, 00, 97. 
-gggeB,Be\h 284. 

— urripimuit P. H. Carp., 236. 

Antennas of Chlorops, 400 
Antennopborua uhlmanni, Haller, 367. 
Anthenea auatralife, DUdwhin, 238; dia* 

trib., 280, 232. 

— globigera, Bdderhin, 289; diatrib., 280, 

232. 

— pentagonula, Perrim*, mentd., 289. 
AntiopH criatatn, 66i); 

Aphanizomenon, Morr,, food of Bapbnia, 

416. 

Aphelodoria, Bergh^ 666. 

— aiBnia, BHtd, 56fi, 668, 677, 679. 

— antillenaia, Bergk, 666. 

Aplgtia, Linn., 627, 628. 

— dentBom, Smith, 539 , 

Apocbeima, iSchaeff,, 88. 

Apua cancriformia, Schaeff,, in Scotland, 
420. 

Arcella arenaria, Orerf, 462, 464, 471. 

— Tulgaria, Ehrenb,, 452, 471. 

Arcbidoria incerta, 670. 

— tuberculata, 669. 

Arbina, Collinge, 108. 

ArmadiUidiimk eelatum, Miera, 103, 104. 

purpuroBcene, Kr6y., 106. 

Annadillo horridua, Budde-Zund, 108. 
Annina cygnea, 523, 

Airbenurus inaulanoa, Baen,, 888. 
Artbropoda, mentd., 285. 

Aacoleucetta, 2>eftd|^ 477. 

eompreaaa, Bendg *, 481, 477, 518. 
Aaexual reproducticm b Ptyr bodera, 808. 
Aaaulina minors Ptmaid, 472. 

— muacorum, Qreeff 468, 467, 472. 

— awnsaUMm, Leidy (ptm), 472. 

Astaoua, ^Tron., 88^ 8^ 
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AnUritu //ectinata, Linn., 383. 

Afiterina, Nardo^ mentd., 244. 

— burtonii, Oray, 243 ; distrib., 232. 

— guunii, Gray^ 243 ; dislrib., 223-230. 
Asteroidea from West Australia, 235-246. 
Asteronotufi, JShrenb,, 560. 

— bertrauH, 670. 

— fuflcus, O’Don.*, 661, 623, 562, 677, 

679. 

— hemprichii, DAron5., 650. 

Asteropus simplex, Ihndy «, 478, 494« 
Astropecten preissii, MiWer 4* Troichel, 

236 ; distrib., 229-30. 

Aurora rowi, Dendy, 478, 494. 

Australia (West), $ee Echinoderma. 
Avicelhs Van Jiened., 298. 

Avicularia, internal, 318. 

Aviciilaria, Law , mentd., 298. 

Avicularia^ Oray, 298, 314, 316. 

— flabeUata^ Gray, 298, 299. 


Jiactridimii, ReusSf 298. 

— hagetiowi, Itetw, 298. 

Baculogypsina, Sacco, 638. 

— hacuiala, 8ilv., 6il8, 647. 

— sphasrulaius, Cuslmi., 638. 
ilalarioglossus, Delle Ck,, 393. 
Balantiophorus minutiis, Schetv,, 463, 467. 
Barentaia, Hinckc, 316. 

Basipharynx of Ohlurops, 409. 

BAthycrinus, ThoniK, 95. 

Bathydoris, 647. 

Beania, Johntf,, 298, 304, 300. 

— mirabilis, JohnaU, 298, 

Bees, tbeir mental qualities influence the 
evolution of flowers, 287. 
Benthesicymua altus, 46. 

Bertbella, Blainv,, 636. 

— plmnula, 623, 6;B6, 638, 678. 

— fMirosa, Blainv., 536. 

Bicellaria, Macq,, 299. 

BieeUnriay Blainv., 298-300. 

— acN/eafa, Orb., 317, 355. 

-- Meri^ ]^k, 299. 

— ffiWttiMa, Map!., 317. 

^ dUtOtt, Bkinv., 298, 299. 

Buak, 306. 

— ipfimHhulakL^ Busk, 300. 

Bioellariella, Zen., 299. 

ciliata, 2^. 


Bicellarina, Lev,, 299. 

— alderi, Lev., 299. 

Biemna micro,va, llentsch., 603. 

— tubulata, Dmdy, 479, 603. 

Bifrom, MacGill., 299. 

Bifurcation of Menipea and Scrupocellaria, 
321 ; — of Polyzoa, 320. 

Biloculina, 0/*5., 602. 

— depressa, Orb,, 602. 

var. serrata. Bail., 602. 

— elongata. Orb , 603. 

— oblonya, Orb., 603. 

— opposita, JOeeh,, 003. 

— ringens var. striolata, Brady, 602. 

— sar^i, Schluwb., 602. 

Bimichaelia crassipalpis, Haib.*, 383, 392. 
Biogenetic Law restated, 81-101. 
Bird-of-Paradise, courtship activities, 278. 
Birds, courtship activities in various kinds 
of, 263-292. 

Bittacomorpha, Weetw., 409. 

Blackbird, courtship activities, 263. 
Blackcock, courtship activities, 270, 277, 287. 
Black locust tree, mentd., 217. 

Blepharisma laterita, Ehrcnb,, 463, 467. 
Blue Tit, courtship activities, 287. 
Bolivina, Of*5., 621. 

— dilatata, Reuse, 62J . 

— inflata, Heron-AU. ^ Earl., 622. 

— limbata, Brady, 622. 

var. abbreviata, Heron- AU. 4* Earl.*, 

622. 

— ■ plicata, Orb., 622. 

— punctata, Orb., 621. 

— robusta, Brady, 021. 

— textilarioides, Reuse, 621. 

— tortuosa, Brady, 621. 

— variabilis, Heron-AIL 4* Earl., 622. 
Borradaile, L. A., Mouth-parts of Shore 

Crab, 116-142. 

Bosmina brevicornis, Hellich, 446. 

— coreyoni, Baird, 444. 

— coregoni-longispina, RUhe, 444. 

— longirostris, Raird, 426, 446; distrib., 

414, 418, 424. 

— obtusirostris, Bare, 421, 422, 423, 425, 

443-445; distrib., 414, 415, 418. 
Bourne, G. G., Raninidm, 25-79. 
Bower-bird, courtship activities, 269. 
Bracbythecium salebrosum, Scrimp., 467. 
Branching of Bugula, 321, 328, 324. 
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Brephos parthenias, 86. 

Brettia^ Dygt.^ 299 ; mentd., 800. 

— pellucida, Dyst., 299. 

Breynia australasice, Gray, 251; diatrib.; 
229, 232. 

Briarelia microcepbala, 570. 

— 8p., 570, 

Bryobia humeralis, Halb,*, 385, 392. 

•— pnetioAa, 385. 

Bryuin, DUl,, app., 450. 

Bugula, Oken, 298, 299, 306, 311, 314, 315, 
326; its branching, 321, 323, 324; 
mentd., fiOO. 

— abynicola, Kluge, 300. 

— anyuita, Kluge, 300. 

— areolata, Kluge, 300. 

— avicularia, Oken, 299. 

— ciliata, Okenj 299. 

— dentata, 326, 359. 

— flabellata, 299. 

— gigantea, Kluge, 300. 

— johnstoniB, 320, 369. 

— lata, Kluge, 300. 

— levoaWx, Kluge, 300. 

— ieontodon, Busk, 311. 

— margaritifera. Busk, 311. 

— mtUti^inoBa, Kluge, 300. 

— murrayana, 309. 

— neritina, Oken, 299. 

— retifuTvm, Kluge, 300. 

— scaphoides, Kirkp,, 326, 359. 

— eimosa, Busk, 311, 312. 

var. vafiabUu, Kluge, 312. 

— sp. var. vartoepinosa, 300. 

— tricmnk, Waters, 300. 

— versicolor. Bask, 312. 

Bugularia, Lev., 299. 

— diasimilis, Lev., 299. 

Bugulella, Ven\, 300. 

Bugulina, Gray, 299, 300, 314. 

— avicularia, Gray, 298, 300. 

— JlaheUata, 298. 

— neritina, 298. 

Bugulopsis, Verr., 300, 353. 

— peackii, Verr., 300, 321. 

Bulimina, Or6., 620. 

— elegantissima, Orb., 020, 646. 

— limbata var. abbreviata, HeronrAlL §r 

Earl.*, 646. 

— polystropJm, Keuss, 619, 

— williamsoniano, Brady, fl2L 


BuUa plumula, Mont., 536. 

Bunaster lithodes, W. K1 Jt^sher, 241 ; 
distrib., 232. 

— ritteri, mentd., 241. 

— uniaerialis, mentd., 241. 

Bunting, courtship activitieB, 268, 277. 
Bustard, courtship activities, 277. 
Bythotrephes longimanus, Leyd., 421 ; 

distrib., 414, 418. 


Caberea, Lanut., 300, 309, 312, 329. 

— benetnunita, Lev., 334. 

— boryi, ^ttd.,S16. 

— craasimarginata, Busk, 334, 337. 

— dichutoma, Lanur., 300. 

— marimensis, Lev., 337. 

— pinnata, Lainx., 300. 

— mdUs, Busk, 332, 337. 

Caberiella, Lev., 300, 329. 

— benetnunita, J^ev., 300. 

Calappa, Fabr., 31, 40, 58. 

Ctilligonua scapularis, Berl., 887. 
Oallitriche, Linn., in tarns, 423, 424. 
Oalmanesia, CoUtnge*, 107, 109. 

methueni, CoUinge*, 109-113. 
Campascus triqueter, 453. 

Camptoplitea. Banner*, 295, 300. 

— aby ssicola, Jlarmer *, 300. 

— angusta, Jiartner *, 300. 

— areolata, Hanner *, 300. 

— bicornis, Hanner *, iiOO. 

— gigantea, Hartner *, 300. 

— lata, Jlarmer*, ikX). 

— lewaldii, Harmer *, 300. 

— multispinosa, Harmer*, 800. 

— retiformis, Harmer *, 300. 

— sp. var. variospiiiosa, Hamper *, 300. 

— tricoriiis, Hanner •, 800. 
Camptotheciuiu nitens, Schitnp., 450. 
Cancer, Idnn., 129. 

Cauda, Lamx., 300, 329. 

— arachnoides, Latmv., 800. 

CandieUa, Gray, 543. 

Cantbocamptus cuspidatus, Scbtneii, 422, 
424. 

— pygmmus, G, O. Sars, 424. 

— ZBchokkei, Bduned, 424, 425. 

CHrabudet 380. 

marginatus, Jbf«oi4., 880, 

Oaradrina, Hueb,, mite on, 387. 
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Carbasea, Qray^ 301, 311. 

— anruUaf Busk, 312. 

— botnbyeina, Busk, 316. 

— carbasea, Banner 301. 

— dMBitniliH, Busk, 299. 

— epucopaiiSf Busk, 308. 

— liffulata, Busk, 314. 

— papjrracea, Gray, 301. 

— solandeti, Nortnau, 301. 

Oarchesium, Ehrenb,^ meutcl., 430. 
Oarcinology, lianinidoa, 23-70. 

Carciuus mniias, Leach^ 35, 40; mouth- 

ports, 1 15-142. 

Gartcrina, Brady ^ 616. 

— spicutotesta, Brady, 616. 

CoBBelUi, II. & A. Adams, 554. 

Gassidulina, Ot'L, 622. 

— clnvata, Brady, 623. 

— ciassu, Orh., 022, 

— 8ubglobo^«, Brady, 623. 

Catenaria bioorniit, Busk, 315. 

Gateiiicella, 320. 

CatUibuyula, Verr., 301. 

— armata, Verr., iW)l. 

Celluria (pars), 348, 353. 

Cellaria, M, ^ BaL, 301, 303, 304, 308, 
315, 

— cirrata, Ell, 4' *W., 301, 313, 

— cornufa, 367. 

— farciminoides, Kll. k Sol, 301, 302, 

— fistulusa, Biut^ks, 301-303. 

— JUluloBa, Hiiicks, .‘303. 

Jiabelluni, Bll. A Sol, 313. 

— johnsoni, Bmk, 303. 

— loricata, 307. 

— Pin'iformxB, Bertol, 805, 306. 

— sfdicamia, Lamx., 301. 

- Milicoruia, Xa?ii., 301. 

— salicornia (pars), Pull, 301, 303. 

— - salicornia, Pali,, 302, 303. 

— - ealkommdeB, Lamx., 303, 316. 

— sinuosa, EU,, 302. 

— Binuam, Hiucks, 303. 

— teneUa, Lam., 314. 

— iemuta, £11 & Sol, 317, 354. 

CeUarina, Orb., 304. 

CeUariumy Van Bened. (pars), 863. 
Cellarina, Van Btned,, 308, 304. 

— grafdUB, Van Bened., 308, 804. 
acabra, Vm Bemd,, 803. 

CelMaria (pars), auctt., 858. 


CeUularia (pars). Busk, 339. 

Cellukeria, Pall, 301, 304, 320. 

— ameularia, Pall, 314. 

— bikba, Busk, 350. 

— cirrata, Busk, 308. 

— cirrata, Ell. A Sol, 340. 

— crateriformiB, Busk, 350. 

— crispa, Pall,, 313, 340. 

— cuepidatM, Busk, 355. 

— elanytxta, Busk, 350, <‘151. 

— faroiminoideB, Ell & Sol, 303. 

— Jtabeilum (pars), £11. A Sol, 340. 

— floccosa, Pall, 340. 

— loriculata, Pall, 310, 314. 

— momtrypa, Busk, 355. 

— vrnata, Busk, 340. 

— jteachti, Busk, 300, 355. 

— plumoBa, Pall, :k)6. 

— quadrata. Busk, .‘>42. 

— Balicornia, Pall, 30*‘l 315. 

— Bcrujma, Verr., 304. 

— temata, 304. 

forma yraciliB, Smitt, 354. 

Gellularine Polyzoa, 293 -301. 
Gentrechiiius savignyi, 21, L, Clark, 24K; 
distrib., 232. ' * 

— setosus, Jacksuu, 248; disti'ib.,232. 
Centropyxis, Sfem, 457, 470. 

— aculeata, i^ein, 454, 471. 

var. 8 pil 10 ^a, Cask, 471. 

var. ocorins, Leidy, 47 1 . 

— losvigata, l^enard, 454, 470. 
Centrostephanu.s tenuispinus, //. L. Clark, 

249; distrib., 230, 232. 

Cephalodiscus, Melnt., 393. 

Ceradocus, A, Costa, 6. 

— rubroinaculatus (Bfebb,), 2, 6, 18. 
Geraochaliua mulUforiuis var. iiianaarensis. 

Bendy, 478, 500. 

— retiarmata, Dendv, 499. 

Geratodus, Agass,, 87, note ; mentd., 165- 
215. 

— forsterit, 179; mentd., 166, 175, 199. 
Geratosoma, Adams Bevve, 558. 

— brevicaudatum, Abrah,, 623, 558, 569, 

672, 677, 679. 

— calidoniciim, Fisch,, 558. 

— corallinum, i)dhn,, 528. 

— comigerum, Adams <$* Beeve, 558. 

— obionyum, Abrab., 558, 560. 

— tenue, Abrtdx,, 558. 
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Cerato9oma trilobata, 570. 

Ceratoxercon bicornin, Halt, *, 376, 392. 
Cercaripora, Fisoh., 304, 309. 

— argillacea, 304. 

— Ujfulala, 304. 

— trmeata, 304. 

Gercobodo, Krau,, 467 

Cercouiouas craasicauda, AUx., 452, 457, 
458, 465. 

— sp., 457. 

Ooriodaphnia pulckella, HarB,4itl6\ distrib., 
414. 

— quadrangula, distrib., 414, 415, 416. 
Ceriopora globulm, lieuss, 638. 

Cbellfer dubiua ( Camb.), 364. 

Ohalina palmata, FidL •$* Bendy, 499. 

— sp., 478, 500. 

Cbaperia, Jb//., 304. 

— ucanthina, Hanner 304. 

— australis, JtiU,, 304. 

Chartella, Gray, 304, 311. 

— papyracea, 304. 

Chaunoeia, fiusk, 304. 

— hirtieBima, liusk, 304. 

Oheyletus eruditus, 8ehr,, 387. 

— venustissiniUB, C. Z. Koch, 387. 

Chilodon cucullulus, Ehrenb,, 457. 
Ohlamydopbrys stercorea, Cimk,, 453, 457. 
Cblidonia, Zam.r., 305, 306. 

— pyriformis, .305. 

Chiidonia, Hiibn., 305. * 

ChUdonia, Heir.-ScbaiT., 305. 

Ohlidoiiias, Rnfin,, tJOo. 

Ohlorella Beyer., food of Daphnia, 416. 
Cbloropisca glabra, 405, 408. 

Oblorops tceniopuB, Meig,, bead capsule, 
399-410. 

ChromodoriB, Aid. & HnnO., 553. 

— magnifica, Quoy A (jaiiu., 553. 
Gfarondrilla australiensis, Carter, 478, 496. 
Obydorus piger, 425, 437. 

— sphiericus, 414. 

Cibiddee refulgem, Montf., 635. 

CidaritBB annuitfera, Lam., 248. 

Ciliciaa stylifera, WhiteL, 14. 

OilicsBopsis, Edmen, 13, L4. 

— dakini, Tatt*, ik 
graimlata, 14. 

— whiteleggei, 14. 

Cilliba, Seyd., 878. 

— vegetans, Hull, 377. 


OilUbano dinycboidea, HuU, 379. 
Cinclidium stygium, 8w,, 450. 

OmtOBcidB, Martens, 305. 

Oadoehalma eaplax', Lendenf., 499. 
Cladomonas sp., 457, 462. 

— fruticosa, Stein, 457, 463. 

Clark, H. L., 8ome Ecbinoderms from 
West Australia, 229-251. 

CleanthuB, Leach, 536. 

Glypeus of Gbiorops, 403. 

Coition of Lyctus, 590. 

GoleopLera, female reprod. organs, 59. 
Gollinge, W. £., Eluma cmlatum, 108; 

Isopods fr. Madagascar, 107. 
Goloburiscus bumeralis ( Walk,), wing- 
veins, 153. 

Golpoda, Sdirank, mentd., 450. 

— cucullus, Ekfrnb,, 453, 457. 

Golotois penuaria, 86. 

Colunwaria, Lev., 305. 

— borealis, Lev., 305. 

Golumnaria, Gold/., 305. 

Colymbus iinmer, AT. T, Briinn,, couittebip 
activities, 265. 

— stellattts, Pontopp,, courtship activities, 

253-292. 

Gomatella nigra, A, //. Clark, 232; distrib., 
231. 

— stelligera, A, II, Clank, 232 ; distrib., 

231. 

Comatula jacgunudi, J. Miilier, 234. 

— pectiuata. A, H, Clark, 233; distrib., 

231. 

— purpurea, mentd., 233. 

— solaria, Lam,, 233 ; distrib., 231. 
Gomanthns annulate, A, H, Clark, 283; 

distrib., 231. 

— luteof usca, mentd., 234. 

— parvicirra, A, H, Clark, 234; distrib., 

281. 

— polycnemis, A, H, Clark, distrib., 231. 
Goncbopoma gadiformis, Kner^ , struc- 
ture, 198-201, 218-215. 

Goniston plankton, 421. 

Gonooephalus conicue, Bum., mite on, 384. 
Oopromonsa sp., 457. 

— snbtilis, DdbeU, 465. 

Ooraucopina, Lev,, 80^ 827, 869. 

— gnmdii!, Lev., , 

— * infoiSdibidata, Lev.^ 806, 

Oomuiqpiica, SeMtxe, ^ 0 
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Comutpira involvens, 610« 
selsejeusis, KerwrAU, ^ Earl.^ 610. 
CoryciH coronata var. simplex, Penard, 452, 
470. 

— €ava, Qreeft 452, 470. 

Coi^uoporella, MinckSf 300. 

— tenuis, Jiincka, tiOO. 

Coxypbella rufibranchialis, 569, 570. 
Corjates, Lair,, 31, 57, 58, 01. 

Oorjthion dubium, Taran,^ 453, 473. 

— scbaudinni, SchuasL^ 473. 

Ooscinasterias calamaria, Peirtar, 244 ; 

distrib., 229. 

C?08cinoderma pyrilbrme, Lendenf.j var. a, 
479, 612,513. 

, var. 3, 479, 513. 

Casmonotus, W, Adarntt^ 27, 61 . 

— Grajfi, Adamu 4’ HVitVs, 

VolhumiceUitf W. Thoms., 306, 

— dtednkiy W. Thoms , .'M)6. 

Courtship in birds, 253- 292. 

Crab, mouth^parts, 115 142. 

Crane, courtship activities, 277. 
Vraipedosounif MacGill., 300, «139, 347. 

— ligulatum, MacUill., 306, 344. 

— mismhmmp9roide9y MacQill,, 300. 

— robof'utuw, MacGill., 300, 345. 

— §picatu7H^ MacGill., 306, 343, 344, 
347. 

Craterites, Herm-AU, £arl,*, 611, 012, 
040. 

— rectus, Herou^-AiL 4’ £arL *, Oil, 040. 
Crelia achmidti, Uidl., 505. 

Crepis, Ju//., 306. 

— lungipes, Julf,, 306. 

Crinoidea from West Australia, 232-235. 
Crtna, auctt, 307. 

Oriria, Lanu\, 307, 308, 321. 

— appendiculata, 317. 

— bofyif Aud. (?;, 816. 

— dliata, Lamx,, 306, 307. 

— > cornuta, 317. 

— delilii^ And., 308. 

— ebumea, Littnu:,, 306, 307. 
shjpims, Lamx., 342. 

Gristellaria, Xom., 625, 

— gibba,Or6.,625. 

— xotulata, jSradpf 625. 

Crituhritt, Gray, 306. 

Gray, 306. 

OniBtaeea of the iuims, 425; mentd., 285.* 


Crustacean plankton of English Lakes, 
411-447, 

Otenodus, Agaatiz^, structure, 188-199; 
mentd., 163, 171, 195-215. 

— cristatus t, 189, 195. 

— elegansf, 164. 

— eUipficuaf, 104. 

— inibneatusf, 164. 

— 'Gnterruptus JlarkH8”t9 172, 190-190, 

212. 

— murchisoni, Ward'f, mentd., 196. 

— Miquua t, 164, 190. 

— sp. t> mentd., 170. 

— tardus, PriVsc/if, sp- dub., 196. 

— tubercuJatua t, 160, 195. 

Cuckoo, courtship activities, 276. 
Cyclidium glaucoma, Ehrenb.f 453, 457. 
Cydodorippe, 28, 54. 

Cyclops, O. F. MueU,f in tarns, 425. 

— abyssorum, jS'/irs, 421, 435, 436, 437 ; 

distrib., 414, 415, 418. 

— agilis, fLoch, 425. 

— capiliatus, Sara, 438, 4*19. 

— crinitua Graet., 437* 439. 

— diaphanuB, FUch,, 438. 

— fuscus, Schmeit, 426. 

— lacustris, G, O, Sara, 436, 437. 

— leuckarti, Claus, 425, 435 ; distrib., 

4U-416. 

— nanus, G. O Sara, 425. 

— robnstus, G. O, Sara, 439. 

— scuUfer, G. O. Sara, 436, 437. 

— strenuus, lYarh,, 430, 437. 

— von ustus, Form, ^ Scott, 425, 4*37, 

4,39. 

— vemalis, Fiack., 488, 439. 

— — var., 439. 

— vicinus, Vlj,, 436. 

— viridis, Fiach,, 425, 439. 

Cyclostumes, mentd., 285. 

Cylir^rcecmm, auctt., 309. 

Gymbmremus monilipes, //a/5. *, 381. 
Cymbalopora, Hagen, 630. 

— millettii, Heron-AU. Earl,, 630. 

— poeyi, Brady, 630. 

Oymodoce, Leach, 14. 

— bicaiinata, Stelib,, 16. 

— longistylis, Miera, 16. 

— mammifera, Liam,, 14. 

— pelsarti, Tatt, *, 1 5. 
pilosa, M,-Edw,, 16. 
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G^^xuodoce zanzibHreDaiei Stebb,, 16. 
Oynionomops, Ale., 28. 

Cymonomua, M.^Edw,, 65. 

Cypiioderia ampulla var. vitrteai Wailes, 
472. 

— ftp., Schlumh., 458. 

CyriMtok^ mverenatus, Berl., 365. 

Dabcbick, courtship activities, 258 ei Beg, 
Damssus, Rafin., 874. 

Dameoftoma maculosa, Warb. ^ JPiearce, 

880. 392. 

— minus, PaoH, var. lamellata, Halb,% 

380. 392. 

Damiria amtralienm, Dendy, 505. 

— BdwMtt, Tops., 505. 

Damsel-dies, mentd., 148. 

Dapbnia, O. F. MnelL, 440. 

— cucullata, mentd., 418. 

— galeata, 421 ; distrib., 414. 

— hyalina, Leyd., 441-444 ; distrib., 414- 

416, 418. 

subsp. galeata, Sars, 441-444. 

— — subsp. lacustris, San, 441, 442. 

f. lucernensia, Burek., 444. 

— lacustris, 444 ; distrib., 414, 

var. vicina, BlcA., 443. 

— longispina, O. F. Mmll, 440-448. 

— pellucida, 441. 

— pulex, Lair., 441. 

— variabilis, Langh., 441 . 

Dendoricella schmidti, HmtBch., 505, 479. 
Dendrebeania, Lev., 306. 

— murrayam, Lev., 306. 

Dendrocrinus, HaU,, 95. 

Dendrodoris, JEhretUt., 560, 561. 

— lugubris, Ehrenh., 560, 561. 

— mammosa, 523, 562, 578. 

— nigra, 523, 661; 

Dendrolttlaps bteomis, Hull, 366. 

— comutus, Halb. *, 366. 

Dendronotus, Aid. Haws., 544. 
Dendrophrya, <8. Wright, 6J8. 

— radiata, S. Wright, 618. 

Dendy, A., & L. M. Frederick, Sponges 
from Abrolhos, 477. 

Dercitopsis ceylonica, Dendy, 489. 

— mammillaris, Dendy, 479, 489. 

— minor, Dendy, 479, 489. 

Detmaeella tnbulata, Dendy, 503.. 

Diaeara, Budde-Lnnd, 108. 


DiaehoriB, Busk, 806. 

— cratali, Busk, 806. 
hirtmima, Heller, 804. 

DUushoBeru, Ortm., 306. 

— diBCodermia, Ortm., 306. 

— hexeunraB, Ortm., 306. 

— mageHanica, Ortm., 806. 

Diadema Bavignyi, Miohelin, 248. 
Diaphauosoma braebyurum. Scour/., 425, 

426 ; distiib., 414, 415, 418, 428. 

— gracilis, 426. 

Diaptomus gracilis, G. O. Sure, 421-425; 
distrib., 414. 

— hirem, Brady, 435. 

— ladmatus, Ltlljdb., mentd., 419. 

— laticeps, G. O. Sotb, 422, 424, 425, 485 ; 

distrib., 414, 415, 418, 419. 

— wierzejskii, JKticA., mentd., 419, 
Dicranodroinia, M.^Edw., 51. 

Didyftua] Busk, 295, iKlb, 307. 

— Bifnple.v, Busk, 30(5. 

Didymia, Le Pell. Serv., 306. 
Didymozoura, Hartner, nom. nov. 295, 

306, 307, 823, 825, 359. 

— simplex, Harmer ♦, 306. 

Difflugia constricts, Ehrenb., 452, 467, 470. 

— fallax, Pemrd, 452, 470. 

— globulus, Dw;., 452, 457, 470. 

— lucida, Penard, 452, 470. 

— pyriformis, Pef'ty, 452, 470. 

Ditfusilina, Heron-All. Earl.*, 614, 646. 

— humilis, Heron- All. ^ Earl, *, 614, 646. 
Dileptus, Dty., mentd., 450. 
Dimastigamceba, Blochm., 467. 

— gruberi, Schard,, 457, 469. 

Dinudoina, DC. [slYacbymene, Budge], 

299. 

Dimetopia, BubU, 299, 307. 

— cornuta, Buek, 307. 

— Bpicata, Bosk, 307. 

Dimorphism in Ptychodera, 393. 
Dimorpbozoaro, Lev., 307. 

— nobile, Lev., 807. 

Dinyebus carinatus, BerL, 377. 

Diuyeura, Berl., subgen., 878. 
D^odidymitt, &UB8 f, 307, 315. 

— alata, Aeuss % 316. 

— eomplicaig, Keuss, 307* 

Dipnoi, Bee Palmosoic Qipooi* 

Dipterus,^ Se^. ^ Murak^ % mentd., 168- 
' 179, 190, 194, 200, 204, 215» 



iiroEx. 


657 


Dipterus platyceplifl]u8, Ag,^y structare, 
307-212, 215; mentd., 197, 199, 
205. 

— valencieiinesi, 8edg, d* Murch, f, 205- 

207 ; mentd., 21 1-212. 
lliscorbina, Park. ^ JoneB^ 630. 

— arancana, Braihj^ 031. 

— baccata, Heron- All. <$* Early 631. 

— concinna, Bra^y^ 630. 

— Cora, Heron- All. ^ Earl. ♦, 6.30, 631. 

— fi^lobularis, Brady. 631. 

— harmeri. Heron- All. ^ Early 6*‘lt3. 

— iaabellcana, Brady^ ()^i0. 

— lauriei, Heron- AU. Sr Earl. *, 633, 634, 

047. 

— moditen'anensis, Heron-. 411. Earl., 

631. 

— nitida, Hetvu-All. ij- Earl., 0.‘50. 

— pattilliforniis, Brady, 033. 

— polystomellniilea, l^ark. Sr Jones, 0.32. 

— ])i]lvinata, Brady, 633, 640. 

— pvramidalifl, Heron-All. Sr Earl. *, 0il4, 

047. 

— - rarescciiN. Brady, 032. 

— reniforiiiia, Heron-All. S' Earl., <532. 

— riinosa, Park. S' Jones, 032. 

■— msacua, Brady. 031. 

— rn<r«*»a, Brady. 032. 

— taberuacularia, Brady, 63^1, 04<>. 

var. leviH, Lieb, S' •SfcAtcd., 634. 

— tabemacnlans, Sideb., 0.33. 

— turbo, Brady, <531. 

— valvulata, Brady, 631, 632. 

— vilardeboaiia, Heron-All.Sr Earl.*, 631. 
Distiproboacis of Clilorops, 407. 

Dittosaria, Buskf, .107. 

— wetherellii, Busk t, 307. 

lliver, Red-tbroated, courtship activities, 
253-292 ; Black-throated, 205 et seq. 
DoUbrifem, (rray. 534. 

— dulabriftra, Rang, 534. 

— pelsartenais, O' Dm. *, 528, 5.34, 535, 

677, 678. 

Llonatia ardbica, Tops., 495. 

— globostellata, Tops., 495. 

— myalUf Dandy, ^5. 

— Japoniea var. alhanensUf lleotsch., 495. 

— multiatella, Bendy*, 478, 495. 

— robuata, Bendy 478, 495. 

Doridicola, Leydiy, 669. 

Boridopm, Aid. & llaoc., 561. 


Boridopsis gemmaeea. Aid. k Hanc., 561. 

— nummosa, auct., 562. 

— nigra, auct., 561. 

Boriopsis, Pease, .560, 561. 

— granulosa. Pease, 600. 

— mammosa, auct., 562. 

— nigra, auct., 601 . 

Dorippe lunata, M.-Edw., 47, 48. 
Duriprismatica, Orb., 553, 554. 

— atromargiaata, Cuv.. 653. 

Boris lugubriSf Gravenh., 501 . 

— mammosa, Abrnb., 662. 

— nigra. Stimp., 501. 

— fHtllida, Rupp, k Leuck., 553. 

Doto coronata, 609. 

Dove, courtship activities, 275, 285. 
Dragonflies, mentd., J 4«3. 

Drammenia, Thor, 387. 

— crassipalpis, Thor, 387, 392. 

— elongate, Thor, 387, 388. 

Dromia, Fahr.. 31, 33, .30, 37, 44, 51. 

— vulgaris, Bouvier, 31, 3.5, 40, 42, 50, 77, 

78. 

Drosophila, Fall., 88 ; court«>hip activities, 
270. 

Ducks, courtship activities, 290. 
Duvaucelia, Jlisso, 543, 

Dyiianiena, Lee., 307. 

— barbata, Lev.. 307. 

Echinocardium cordatum, Oray, 251 ; 
distrib., 229-2.‘10. 

Echinodernis from West .\ustralia (Clark), 
229-251 ; mentd., 285, 

Echinodictyum bilamellatuiii, Etdl., 479, 
504. 

— elegans, Halim., 604. 

Echinoidea from West Australia, 248 -251. 
Ecbiiiometra mathaei, Blainv., 250; 
distrib., 232. 

— selosa, Leske, 248. 

Echinonema vasiplicata, Cat ter, 604. 
Echinospira, Krohn, 92, 93. 

Echinus, Linn., 96, 

— eordaius, Pennant, 261, 

— erythrogrammus, Valenciennes, 250. 

— gratilla, Linn., 249. 

— mathaei, Blainv., 260. 

— pallidus, Iaui., 249. 

Egret, Snowy, courtship activities, 206 et 
seq. 
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Ehrenbergina, Brnm^ 628. 

— senata^ Beun^ 628. 

Elasmopufl, A. CotAa, 8. 

— pectinicrus, 8. BaU, 9, 10. 

— Mmfla, Walker^ 9, 10. 

— subcarinatus, 2, 9, 10. 

Elama, Budde-Lund, 108, 104. 

— cielatttm, CoUinge, 10S^106. 

— belleri, Verho^^ 106. 

— fntrputamM^ Budde-Lund, 108, 104. 
Emma, Gray, 807, 318, 826, 827, 829, 

866 . 

— bnskii, Harmer^^ 867, 869. 

— cervitsornifl, MaeGUl,^ 367. 

— crystallina, Gray^ 307, 367. 

— cyathua, Hamur *, 367, 869. 

— tricellata, Butk^ 367. 

Encbelya faraimea, j5%ran6., 467. 

— sp., 463, 467. 

Eneiwuma auitralietuia, Sollas, 492. 
Encyrtid, mentd., 226. 

Eoglisb Lakes, Crustacean plankton, 411- 
447. 

Ennerdale Plankton, 420, 421. 

Entosiphon sulcatum, 462. 
EntotoUma Hneata, Williams, 628. 
Ephemera, wing-veins, 162. 

Epicranial suture of Olilorops, 399-408. 
Epienuslaiaplqidea, Berl., 870. 

Epipharynx of Chlorops, 407, 408. 

Episeius, HuU^ subgen., 871, 372, 873. 

— italicus, 884. 

Epistomia, Flem,, 807, 311, 814. 

— bursaria, Ftem., 807. 

Erannis mscularia, 86. 

Ergasilus, Nordm,, 669. 

Erins, Swtdnaon^ ^7. 

Erina^ Canu, 807, 

— jwtagomea!^ Canu, 307. 

Erisocrinus, Meek, 95. 

Eiylus proximus, Bendy, 478, 494. 
EteharaJUtidoea, L., «S03, 808. 

— fciiacen, Linn., 810. 

— papyrea, Pall., 801. 

Esperella plumose, 479, 608. 

Eeperia paraeiUea, Carter, 602. 

Eucratea, Lamx., 807, 810, 811, 814. 

— appendievdata, Lamx., 317. 

— ceirdiyi, Aud., 806, 

— cormi $9 I^mx., .307. 

— tgfeniM, Awd., 298. 


Eucratea loricate, Lamx,, 807, 812, 817. 
•— veeieudoea, Hamm^ 306. 

EucriAia, Flem., 808 ss pr»c« 

Eugamasus loricatus, IFonA., 864. 
Euglena, Ehrenb,, in Spitsbergen, 460. 
Euglypha ciliata, EArfn5., 468, 471. 

— liBvis, JPerty, 468, 467, 472. 

— sirigosa, Lei^, 4^, 467, 471. 

f. gabra, 467. 

— — var. glabra, Wuile$, 468, 471. 

— tubercttlata, Btif., 458, 472. 
Kuoplozoum, Harmer *, 296, 808, 869. 

— cirratum, Manner*, 808, 826. 
Eupagurus, Brandt, 31. 

Euphrurus,* i2^n., 564. 

Euryale aspera, Lam,, 246 ; distrib., 230. 
Eurystlieus, Bate, 10. 

— afer, Btehb,, 11. 

— atlanticus, Btehb,, 2, 10, 11, 18. 

— gardineri, Walker, 11. 

— lamellatuB, Baird, 426. 

— seylanicHs, Walker, 10, 11. 
Eusthenopteron t, mentd., 215. 

Euthyris bofnbyeina. Busk, 308. 

— ^iscopalte, 808. 

Euthyris, Mincke, gen. dub., 308, 816. 

— obtecta, Mincke, 808. 

Euthyroides, Manner, 808. 

— episcopalis, Marmer, 308, 

Evolution of Courtship in birds, 258-292. 
Eyes of Chlorops, 405. 


Falcaria, Mawortk, 808. 

Fakaria, Oken, 308. 

— anguina, 308. 

— comvta, 308. 

— ehumea, 808. 

— falcata, Oken, 808. 

Fareimia, Mem., '308. 

— fietuhea, Flem., 808. 

— ocfdata. Waters, 808. 

— einuoea, Hass., 802, 808. 

— ealicomta, Hass., 802. 

— epathuloea, Hass., 808. 

Farciminaria, Bash, 809. 

— aculeate, 809. 

— atlantiea, 306. 

Female genitals o7 Lyctus, 686-600; 

reproductive orgsms in Ooleoptei^ 69L 
Hlicalla,A romrtiSQO. 
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Filicella anguinea, 8, Wood (P), 309. 
Fiflcsherina, Ter^., 610. 

— pellucida, Milktty 610. 

Fishes^ mentd., 285. 

TuKwriiM Uearmata, Teiq., 624. 

— kBmgat.a^ Reuss, 624. 

FUtulana^ O. F. Muell., 300. 

— longioomiB^ 0. F. Muell., 309. 

— mutiUcorniB^ O. F. Muell., 300. 

— muBcoideSf 0. F. Muell., 300. 

— ramosa, O. F. Muell., 300. 

— iimplex, O. F. Muell., 300. 

Fifitularia, Linn., 300. 

Flabellarta, Gray, 309. 

seUieea, Flem., 300. 

— sfnralu, Gray, 309. 

FlalK»llaria, Lam., 300. 

FlahellatiB (pare), Watera, 310, 339. 

— flalMum, Watera, 310, 340. 

— rohoraia (pars), Waters, 310, 345. 

var, Hgulata, Waters, 344. 

Flabellina, Lev., 310, *139. 

— roborata^ Lev., 310, 345. 

Flabellina, Voigt, 310. 

Flagellates, food of Daphnia, 416. 

Floutern Tam, Crustacea, 423. 

Flustra, Linn., 310, 311. 

— ohyBBieola, G. O. Sara, 315. 

— acanihina, Qiioy & Gaim., 304. 

— biseriata, Busk, 312. 

— bombf/cina, Ell. & Sol., .308, 314. 

— carbarn, £11. & Sol., 301. 

— foliacea, Linn,, 310. 

— fmombramporoideB, Busk, 306, 345. 

— mUitariB, Waters, 317. 

— murragana. Bean, 306. 

— nobiUB, Hineks, 307. 

— papyracea, Ell. & Sol., 304. 

— reticulum, Hineks, 315, 

— BBtaeea, flem., 300. 

Foraminifera of Iiord Howe Island, 500- 
646. 

Frew, J. G. H,, Mor^ihology of head of 
Chlorops, 300-410. 

Fromia andamanensis, Koehler, 239 ; 
distrib., 232. 

elegana, if. L. Clark, 240 ; distrib., 232. 

— niilleporeUa, Gray, meutd., 240. 
Frondicttlaria, Defr., 625. 

— scot^i &ron*/45i. 4* 626, 646i» 

Ftooto-clypeua of Ghloropi^ 408. 


Galathea, Fabr., 31. 

Galvina vlridula, 570. 

Gamasellus granulatus, Kalb,*, 364, SOL 

— mucronatus, KaUt. *, 365. 

— Bubnudua (P), Berl., 365, 391. 

Gamasus bieomiB, Kram., 375. 

— crassitarsis, Kalb. *, 363, 301. 

— haileri, G. & R. Can., 360. 

— magnus, Kram., 364. 

— mucronatuB, G. & R. Can., 365. 

— oudemansi, Berl., 364. 

— remiger, Kram., 374. 

GaniTnaropeiB atlantica, Stebb., 10. 

— gardineri. Walker, 10. 

— ziylanieuB, Walker, 10. 

GammaruB tenellus, Dana, 8. 

Gannet, courtship activities, 278. 

Garstang, W., Recapitulation, 81-101. 
Oaudr 3 rina, Orb., 620. 

— rugosa, Orb., 620. 

— scabra, Brady, 620. 

Gemellaria, Sav., 314. 

Gemdlaria, van Beiied., 310-312. 

— avicuHtriB, Piep., 31 7. 

— loriculata, Blainv., 310. 

Gemicellaria, Blainv., 310. 

— burearia, Blainv., 311. 

— lorietdata, Blainv., 310, 311. 

Geuital system of Lyctus brunneus, 581. 
Gilchrist, J. 1). F., Dimorphism in Ptycho- 

dera capensis, 393-398. 

Gill, E. L., Bee Watson, 1). M. S. 
Gleditschia triacanthos, Linn., mentd., 
217. 

Glenodinium, ^renb., in Spitsbeigen, 
450. 

Globigerina, Orb., 627« 

— bulloides, Orb., 627. 

— cretacea var. eggeri, Keron^AU. Earl., 

627. 

— rubra, Orb., 628. 

— triloba, Bcubb, 627. 

Glosses of Chlorop«), 408. 

Glossodoris, Ekrenb., 66S, 554. 

— elisabethina, 570. 

— pallida, 553. 

— westralienais, GDon., 554, 577, 579. 

— xaniholeuca, Ebrenb., 553.' 

Goats Water Crustacea, 424. 

Goldmrest, courtship activities, 277. 
GoniobranehmB, Pease, 558. 
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Gomobranehwi vibraUi, Pease, 668. 
Goniodoris, Forbes, 668, 664, 

Goaodontis bidentata, 86. 

Gonostomum affine, Stein, 457. 

Grantiopsis cylindrica, Bendy, ill, 618. 
var. fruticosa, Bendy *, 477. 

— infrequmw, Dendj’ & Row, 488. 
Graphiocrinus, Hon,, 95« 

Graptoleberis testudiiiaria, 425. 

Grebe, courtship activities, 253 et seq. 
Griiumia commutata, Hneb,, 461. 

Grubia, Caem., 12, 18. 

— brevidactjla, Chev,, 13. 

— setosa, StM,, 2, 12. 

Guillemots, courtship activities, 267, 281. 
Gulls, courtship activities, 281. 

Gurney, R., Crustacea of English Lakes, 
411-447. 

Gyinnopleura, Bovme 65. 

Gypsina, Cai*ter, 637, 639. 

— globulus, Brady, 6*‘18. 

— inhnrens, Brady, ^7, 647. 

— rubra, HeronrAll, 4* FarL, 638. 

— vesicularis, Brady, 038, 

Gyrinus, Linn,, 07. 


Haddonia, Chaim,, 016, 010. 

— torresiensis, Chap9n,, 616, 046. 

Halbert, J. N., Acari, 303-392. 
Halichondiia phakellioides, Bendy *, 418, 

498,619. 

HalophUa, Gray, 31 1. 

— jdhmtona, Gray, 811, 

— johnstonia, Gray, 311, 
llaplocrinus, 97, fbiote. 
llaplophragmium, Beuss, 618. 

— ancepB, Brady, 614. 

— canarienae, Brady, 618, 

— conipressuni, Goes, 613. 

— emaciatum, Brady, 613. 

llarmer, Sir S. F., Cellularine Polyzoa, 
298-861. 

Ilartmanella hyalina, A2e^,, 462, 467, 469. 

— sp. OL, Catl,, 462. 

Ilauerina, Orb,, 609. 

— compressa, Orb,, 609. 

— ornatissiraa, Brady, 609. 

Head capsule of Chlorops, 899-410, 
Heliocidaria erythrogramma, Agassiz 4* 
Besor, 250 ; distrib,, 229| 232* 


Heliocidaris tuberculata, mentd., 260. 
Helkesimastiz fiocicola. Woods, 4 Lep,, 462^ 
467,461. 

Hemichordata, 393. 

Hemipeneus spinidorsalis, 46. 

Heptagenia, mentd., 101. 

Hermannia arrecta, NicoL, 381. 

— grawidata,H\iso\,, 381 . 

Hermanniella granulate, Halb,^, 381. 
Heron- Allen, E., & A. Earland, Foraiuiui- 

fera of Lord Howe Island, 599-640. 
Herons, courtship activities, 266 et seq, 
Herpetomonas, Kmt, 460. 

Heterooella, Canu'\, 811. 

— fragilis, Canu^, 311. 

Heterqftmtra, Lev., 311. ^ 

Heteromita, 468. 

— globosa, Stein, 450, 461, 467, 468. 

— lens, JfueU., 462, 467, 468. 
Ueterostegina, Orb,, 041. 

— depressa, Orb., 641. 

Hexabranchus, Fhrenb,, 546. 

— imperialis, Bent, 623, 646, 546, 677, 

678. 

— pr»textus, Ehrenh,, 646. 

Hianiopora, MaeGilL, 31 1 . 

— ferox, MaeGUL, 311. 

Hickson, 8. J., Two Sea^-pens from 
Abrolhos, 21-23. 

Highlow Tarn, Crustacea, 424. 
Himantozoiim, llanner*, 296, 311, 320. 

— leontodon, Harmer^, 311, 

— margaritifera, Harmttr *, 31L 

— mirabile, Hamier*, 811. 

— sinuosa, Manner ♦, 311, 312. 
liippa, Fabr,, 31, 56. 

Hippospongia intestinalis, Bendy % 479, 
611, 

Hircinia sp. ?, 602. 

Holocladina pustulifera, Cmier, 038. 
Holoi)edium gibberum, Zadd,, 412, 414- 
416, 418, 421, 422, 440. 

Molopsamma crassa. Carter, 61 1. 

Holopus, Orb,, 97. 

Holoslapis tagabundm, Berl., 800. 

Homarus, Edw,, 89, 48. 

Homolodromia, M,^Edw,, 61, 

Hoplitella, Leo,, 812, 

— armata, Leo,, 812, 

Humijiug-birda, courtship activities, 277, 
* 278. 
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Huxley, J. S., CourUhip activities in Uie 
the lied-thioated Diver {Cofyntbug 
gfellaius, Pontopp.), 253- 2i)2. 

Iluxleya, DffUer, 312. 

— fragilis, DyaUr, 312. 

Hyalosphenia minute, Caaht 457, 471. 
Ilybernia, Latr,f 88. 

— anrantieria, 88. 

— defoliaria, 88. 

— margisBKriai 88. 

Hyboc:^us, BtlL, 94. 

Hydracarina, 367, 369. 

Hydryphantes, 386. 

— hayeri, Ptsan, 369, 392. 

— bayeri [var.] nonu&dtilata, Vieta, 389, 

392. 

— crassipalpis, Eoen., 389. 

f. lacustris, Salt,*, 389, 392, 

— dispar. Halt*, 389, 892. 

— placationis, Than, <189, 392. 

— planus, ThoHj 380. 

— prolongatus, 7%oif, 388, <*5w9, 392. 

— ruber, I)e Geer, 388, 889, 392. 
liyocrinus, Sedyw,^ 97. 

Hypniim, Linn., 5 spp., 461. 

Hypoaapia tmdeifar. Can., 367. 

— vadtgldbra, Ottdem., 373. 

Jlypoffrantia infrequena, Carter, 485, 
Ilypopharyiix of Chloropa, 406. 

Ldalia aspersa, 689. 
ilia nucleus, 54. 

Insects, Primitive, mentd., 286. 

Internal avicularia, 318. 

Iphia haUari, Berl., 369. 

Iridia, HeronrAU^ 4$* EarL, 612. 

— diaphana, Harm- All. ^ Earl., 612. 
Ismalia monstrosa, 671. 

laodictya permollia, Dowerb., 497. 

Isoetes, Linn., in tarn, 423. 

Isopoda from Abrolhos, 1. 

Isopods, terrestrial, 103, 107. 

Jabella,J^., 812. 

— enucleati^ Juffu 312. 


Kalykantercn eleyana, Leudeuf., 504. 

— aHeXj JUendenf., 604. 

Keiiella,Zee., 311,312. 

LINN. JOURN.— «OOLOGy, VOL. XXXV, 


Keiiella biseriata, Lev., 314. 

Kentrodoris maculosa, 523. 

Kestrel, courtship activities, 28.'), 289. 
Kliaya, A. Jttaa., sp., mentd., 217, 219. 
Kiuetoskias, Kor. ^ Dan , 305, 312. o’iJJ. 

— ftrabianmaia, Koberts, J108. 

— arboresoens. Dan., :il2. 

— cyathus, 32t>. 

— amitki, Dan., 312. 

— smittii, Dan. (emend.), 312. 

Kingfisher, its brilliant colouring apo^e- 

malic. 288. 


Labella^ of Chlorops, 408. 

Labidostoma comuta, 379. 

— luteiim, Kram., 379. 
f.abiiim of Chlorops, 406. 

Labraiii of Chlorops, 404. 

Lmlaps aculeifer, Can., 367. 

— agilif*, C. L. Knch, 367. 

— iimbrzatus, Halb.*, .368, 391. 

— kalleri, (1. Can., il69. 

— latistemus, Hall.*, Wl, 391. 

— simplex, Halb.^, 308, 391 . 

— stabulasis, C. L. Kovh, 367. 

Ijafoea la/oyi, Blainv., 317. 

— cornuta, Latn^r., <317. 

Lagena, Walk. ^ Eoya, 623. 

— annectaiis, Bun\ ^ Roll., 62 1. 

— bicarinata, MiUett, 624. 

— clathrata, Brady, (>24. 

— Ifevigata, Brady, 624. 

— hevis, Williaim., 624. 

— lineata, Brady, 623. 

— margin A ta, Brady, 621. 

— squamosa, Cuahm., 624. 

Lakes, English, crustacoan plankton, 41 1- 
419. 

Lamellaria, Okern, 92, 93. 

Lamprometra gyges, A. R, Clark, 234; 
di8trib.,2Sl. 

Laplyaia, Linn., 627, 628. 

— depdana, Linn., 628. 

Lasioseius, 363. 

— glaber, Bari., var. curtipes, Ralb. ♦, 370, 

891. 

var, minor, Triidy., 870. 

— gracilis, Ralb.*, 369, 391. 

— italious, Bari, 371, 372, 373, 374, 

392. 

47 
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Lasioseiiis laelaptoide^, 370, 371. 

— major, Hftlh*, 371-373, 392. 

— michaeli, 371-373, 392. 

— min use 111 II fl, Jierl.f 374. 

— minulu'), JierL, 874. 

— muricatut^, C. L. Eochy 370, 371. 

— ometes, OiuJem,, 370, 391, 892. 

— sphdfirni, JIafb*f 371, 391. 

— subglaber, IIalb.% 373, 374, 392. 

— tenuipofi, Jiafh*, 371 373. 

Lasiiis 6 hvu», Matjr, 379. 

— mixtuH, Mayt\ 367. 

— niger, Fabr., 379. 

I AW, biogciiciic, 81. 

Leiosonia pdlmimiclumi IMich., 379. 
Lelapia, 477. 

— aiitifiua, Dendy*j 487, 610; mentd., 

478, 479. 

— australis. Carter^ 488, 489. 

— mpponicttf 479, 488, 489. 

Lenticuiites cmxphmaiay Defr., (341. 

— rotulata, Lam., 025. 

LepraliaferoXy MacGill., 311. 

Leptodora Idncltii, LUljeh.^ 421 ; distrib., 

414.416,417, 419. 

Leptomunas jaculans, JierLy 400, 

Leucnltis clatbria, Hacck., 477, 483. 
Leucandra microrhaphis^ Dendy, 482. 
Leucetta ebagosensis, Dendy, 477, 482. 

— microraphis, Haeck., 477, 482. 

— jyrmigenia vat. viicrm'aphUi llaeck., 
482. 

Leuconia dura^ Polej., 482. 

Jieucosia, Fubi\, 20. 

Loucosuleuiu griseu, iJendy *, 480, 477, 
618. 

— protogenes, Raeck., 477, 480. 
lAUcotbue, Leath^ 6. 

— spinicarpn, Chilt,^ 0. 

Levers Water, Crustacea, 423. 

Liacarm palmidnotum^ Mich., 379. 
limnicy there incisa in Africa, 420. 

— mirabilis in Switzerland, 420. 
Limnocalanus grimaldii^ Gucrue, 427- 

435. 

— macrurus, 6 ?. O, 421, 426-436, 

447 ; distrib., 414, 416, 418, 420. 
Liriope, Gislel, 542. 

Lithodes, Lafi\y 28, 66. 

Littorella, abundant in tarns, 

423. 


Lituola emomnna^ Carp., 614. 

Litnolina irregudarU var. cvmpreBM^ Goes, 
013. 

Ljania bipapillata, S. Thor,, 386. 

Lobelia, lAnn,, in toms, 423. 

Locust tree, mentd., 219. 

Lnmauotus genei, 670. 

Lord llowe Island Foraniinifera, 699- 
646. 

Loricaria, Linn,, mentd., 310, 312. 
Zoricaria, Lamx., 312. 

— tegyptiam, Aud., 310, 317. 

— anmicanu, Lamx., 312. 

— evropM, Lamx., 312. 

Loricula, Cnrtia, 312. 

Lorkuia, Templet., 312. 

— hricata. Templet., 31 2. 
liow Water Crustacea, 423. 

Luidia raaculata nustraliie, Diiderlein, 235 ; 
distrib., 229-230. 

Lyctus brunneus, Stepfi,, method of ovi- 
position aud the egg of, 217-227 ; 
genital syst., 681-697. 

— canalicidatm, Fabr., 217, 218, 581. 

— carbonarius, Waltl., 218. 

— cavicollis, Lee., mentd., 224. 

— linearis, Ooeze, 224, .590; mentd., 217- 

222 . 

— oblonytM, Olir., 217. 

— parallelepiped Urt, MeUh., mentd., 224. 

— planicollis, Conle, mentd., 218- 

225. 

— pubescens, Panz,, mentd., 218. 

— sp., mentd., 218. 

— striatas, Melsh., 217. 

— unipmictatm, Herbst, 217. 

Lyprobiu.s cristatus, Budde^Lwid, 107. 
Lyre-bird, courtship activities, 277. 
Lyreidus, 26, 31-70. 

— chaniieri, Wood^Mason, 26, 69. 

— tridentntUB, de Ratui, 25, 29, 30, (34), 

77—79. 


Macrucheles, Jieoi., subgen., 366. 

— vagabiiiidiis, Ralb,*, 306. 

Madagascar, Two isopods fromi 107. 
Madrella ferruginoaa, Aid, Rune., 

623. . 

Miora, Leach, 8. 

— mastersii; Stebb,, 9. 
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-MflBva tenella, Walker, 2, 0. 

ejnnoea, flasw.^ 8. 

Mahogany, luentd., 217, 211>. 

Male genitals of Lyctus, r)8.*5~/j8o. 
Mandibles absent from Chlovops, 40C. 
Maplestonia, MacGill, 312. 

— oimita, MacGilL, 312. 

Matuta, Ilartm,, 68, 67. 

Maxillary palps of Clilorops, 409. 

Mayflies, wing venation in, 14 3- 102. 
Mediproboi'Cis of Chlorops, 407. 
Megalichtliys, AyaeaA, nuMitd., 211-212. 
^Legalopastes ureuiflbrosa, heady *, 500, 

479. 

Meyanmra viaHtet'sii, Ilasw., 9. 

— mbcannata, Ilasw., 9. 

— fhotnpHoni, Miers, 0. 

Megapus gibb>>ripalpis, Pien*., .‘i8S. 
Melicerta, Sekrtmk^ 31/. 

Meliccrita, 313. 

— rharli^sworthii, Orb., 313. 

— (‘harlesworthii, S. Wood, ilJ.'J. 

— (liibia, Bmk, 313. 

Metieertina, Khronb., 313, 317. 

Melosira, Bpreng., food of Dnpbuia, 410. 
Membranieellaria, Lev,, 313. 

— dubia, Isetu, 313. 

Membranifiora magnilahrii*, Dusk, 304. 

rohorata, Ilincks, JKIO, 310, 345, ;i47. 

— ^inosH, Qiioy & (laiiu., 304. 

Menipea, Laiux. (pars), 348, 353, 350. 
Menipea, Lamjr., iKKJ, 313, 315, .*133, 339, 

340, 858; bifurcation, 321, .324-326, 
328-330; Craspedozoum group, 339. 
aculeata, Husk, 3.55. 

— apicata, ITanner *, 343-.340. 

— henemuHita, Busk, 300, 831, 834. 

— hmkii, ^V. Thoms., 357. 

— buskii, Waters, 3J3, 

— eervicomis, MacQill., 357. 

— cin-ata, Lavfix,, 313. 

— eirrata, Busk, 389, 340. 

— cirrhata, Lamx., 313. , 

— clausa, Busk, 351. 

— compaeta, Ilincks, 354. 

— crispa, Marcus, 313, 340, 359. 

— crystMna, MacGill., 357. 

— eyathm, W. Thoms., 357. 

— duplex, Lev., 352. 

— fasckuUUa, MacQill., 336. 

— flabellum, Lanur., 313, 340. 


Mom^eii /htbel/iun, Husk, 310,340. 

— Hiigcllifrra, Bu«/c, 313. 

— fucymsis, Busk, 350. 

— funieulata, .*531. 

— yraviHs, Busk, 354. 

— yraciUs, Norm., 304. 

— Norm., 351, .3.>2. 

— Jigulata, Lev,^ 319, .344-340, 3()0. 

— hayitipinosa, Yan. & Ok., o.iCJ, 

— maryinala, Ilincks, .332. 

— maroriiim.Nis, Busk, 318, 341, 342, 347, 

;560, 301. 

— maroniensis (pur.?), Busk, 335, 330, 

341. 

— multiseriata, Bmk, 347, 348. 

— occideiUalis, 1 rask, 354. 

— oruata, 840. 

— patagonica, Busk, .321 . 341 . 

— pater if or mitt, Busk, 3.39. 

— priliilofi, Robertson, 3.j4. 

— quadratH, 342. 

— rohorata. Lev,, 318, 319. 343-340, 34^, 

3(50. 

— mnittii, Ni>rm., 352. 

-- spicata, .319. 328, 359, 360. 

— sympodta, You. ik Ok., 3.5.'3. 

— ternata, Ilincks, 354. 

— tricMftff, MacGill., 357. 

— triseriata, Busk, 319, 341, 342, 347, 359, 

361. 

— VBCtifera, llarmer*, 295, 319, 339, 346, 

348, 300. 

Mesephemera ccllulasa wing- 

veins, 151-152. 

Metazoa, 83. 

Miliolinu, Williamson, 604. 

— auberiana, Brady, (507. 

var, seinireticiilata, IleronrAll, 

Earl,*, (507, 646. 

— bertheliniana, Brady, 605. 

— bicostata, Goes, 607. 

— bosciana, Millctt, 606. 

— circularis, Brady, 604. 

— contorta, Goes, (508. 

— - eultrata, 60.5. 

— cuvieriana, Brady, 607. 

— dilatata, Heron-All, Earl,, 604. 

— ferussacii, Brady, 608. 

— fichteliana, Brady, 405. 

— fusen, Heron- AIL ^ Earl., 008. 

— kerimbatica, Heron- AIL EarL*, 608. 
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labio^a, lirady, (504. 

-- Imvijrata, Heron- AIL ij* JEitir/., (500. 
liuuronna, Brfudy^ 609. 

— obloiiga, Heron- AIL 4* EarL, 600. 

— ]>arkcjn, hrady^ 008. 

— reticulata, Brady, 608. 

— rotunda, Millet, 606. 

-- echauindandi, Ubumbl., 601. 

— seminuda, Henm^AU, Earl., 606. 

— aeiiiiuuluin, Brady, 606. 

— »telligera. Heron-Aii. 4* Earl., tXX». 

— striata, Hmm-All. Earl., 609. 

— mdiorbietdarv!, MiUet, 006. 
subrut unda, Brady, 606. 

— triangularis, Jam*, Pixrk^r 4* Brady, 

(507. 

— tricarinata, Brady, (506. 

— - trigonula, Brady, 605. 

— undosa, Brady, (507. 

— undulata, Ilrron-AIL ^ Eatd.*, 607. 

— ^alvulari8, Brady, 604. 

— vulgaris, Heron- AIL Earl., (500. 

— webbiana, Hero7i-AlL Earl.. (506. 
Miliolitei< plmmlaia, Lam,, 60«‘l 

— triymula, Lam., 606. 

Milioloi^uliHa nudnlatu, TIcrou-All. Karl., 

(50«. 

Millepora inmiaoea, I’all., C«’5$>. 
Millencnnus, Orh,, 96, 

Mol go crislatus, 424. 

Piep., 316, 617. 

Muiisella, (Mhwf, 313. 

— eoceiia, Canu^, 313. 

Moorlien, courtship activities, '286. 

Murariu brevipes, G. O. Bare, 437. 

Morgan, Miss A., lier theory of wiiig- 

veins in Dragonflies criticised, 143i 
161. 

]Mor])hulngy of head of Chlorops, 399. 
.Moriciiscnia, Dddarlein, mentd., 260. 

— Monga, Diidorlein, 260. 

Mouth-paits of Uhlorops, 399-410; of 

C’rab, 116-142. 

Mus sylvalicus, Ziww. [SpbaliiL svlveatiii], 
367. 

Mycetobia, Meiy., 403. 

Mycetophila, Mtiy., 403. 

Myonyssus decumaims, Tirab., 367. 
Myriophyllum, Linn., in tarn, 423. 

Mysis oculala, 433. 

— >relicta. 420, 483. 


j Naegleria gruberi, Alex., 469. 
j Nagara cristata, Budde-Lmd, 107. 
j Nannimyx hidden, Chilt., 3. 

I Nat^eeia, W. Thame,, 813. 

— cyaHkm, W. Thome., 31,3. 

I Naesula, Ehrerib., 460, 

! Kautilue hecomii, Linn., 637. 

— criaptu, Lunu., 640. 

— depreaauhta. Walk. & «Tacob, 639. 

— li baiulm, Walk. & Jacob, 636. 

— mavellna, Ficht. & Moll, 640. 

— inrlo, Ficht. & Moll, 612. 

— pei'tuam, Forek., 610. 

— repandua, Ficht & Moll, 636. 

— atrifUm-fnmctatua, Ficht. &, Moll, 640. 

— mnbilicaitdm, Mont., 640. 

Nebela collaris, Leidy^ 463, 464, 471. 

— lageniformie, Pe^tard, 467, 471. 
Necromantea, Gistel, 642. 

Nectria macrobrachio, H. L. Clark*, 236: 
distrib., 230, 232. 

— ooellata, Perrier, mcntd., 237, 

— oeellifera, Gray, meiitd., 237. 

Nellia, Busk, 314. 

— ociilata, Buak. 308, 314. 

— simplex, Buak, 314. 

— tenolla, 31 1. 

Nenibrotlin, Beryh, 567, 668, 5(59. 

— nigerriiua, Beryh,6^1. 

— purpureoliueata, O' Him., 523, 668, 578, 

679. 

Ni^waratodnaf whaler 179. 

Neogenetic and neoniorphic, use de(iued,09. 
Neophyliobius elegans, BerL, 384. 

— saxatilis, Hath.*, ?i84, 392. 

Nepbrojis, Leaeh, 32, 46, 46. 

— norvegiciis, 39, 41, 46, 78. 

Nightingale, courtship activities, 268. 
Nolella, Goaae, 309. 

Nomenclature of PolyziaA, 294, 297-317. 
Nonioniua, Orb., 639. 

— canariimia, Orb,, 618. 

— depreesula, 639. 

— pauperata. Balk. Wviykl, 640. 

— umbilicetala, Brady, 640. 

Notamia, jfltiik, 307. 

Notamia, mentf)., 314. 

Notamia, Flem., 314. 

— buramia, Plem., 814. 

— lorwita, Flein.^ 814* 

Notaepis lacnobne, Mkkoel,^. 
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NotaspU monUipett, Midi., 381. 

Notodoritii, Bergh, 364, 5C0. 

— citrina, Bergh, 604, 567. . 

— gardineri, Eliots 523, 505, 667, 578, 679. 

— minor, EHot^ 667. 

Xotoplites, JHiwiiwr*, 295, 314, 325, 327, 
329, 330, 389, 343, 347, 348, 358. 

— antarcticus, Hamier*^ 362. 

— avicularim, Hammer *, 351. 

— biloba, liarmer *, 350. 

— craterifonnis, ^Tflrinrr*, 350. 

■— drygalskii, Hanmr^^ 2152. 

— elongatas, Harmer^^ 351, 353. 

— Jeffrey wi, i£r/m«r*, 2i51. 

— inarsupiatus, JIarmer*, 351, :]52. 

— noriuani, Harmm* *, 2353. 

— pflr(litu.«i (Y), Jlm-nier*, 353. 

— rostratUM, Hunwir^t 295, 348, .348, 

359. 

— sinip1(?x (y), Harwer*, .35-*i. 

— smittii, Ilarmer*, 352. 

— tenuis, Manner *, 2552. 

— vunhuffeni, Manner ♦, .3.52j. 

— waters!, Harm&r*, 35.‘5. 

Notopoides, 58, 66, 07, (»8, 

— latus, Memler$,f 26, OiO, 

Xotnpus, Maauj 31, ;J2, 4i-79. 

— lieyricbii f, 52. 

— dordpes, Fabr,j 25, 31, 48, 60-79. 

— ovalis. Menders, j 26. 

Notoscelos, Bourne*, 25, 48, .50, 58, (Jo*, 07, 
70 ; genua de.scr., 73. 

— chiramonis, Bourne*, 25, 31, (K), 74, 

77-79. 

Nubeciilaria, l)efr,, 601. 

— bra lyi, Millett, 601. 

— injiaia, Brady, 601. 

— lucifuga, Befn, 001, 640. 

— schauiualandi, Meron-AIL 4 Earl*, 001, 

646; mentd., 599, 600, 602. 

Xiidearia aimplex, Cimh»^ 457, 473. 
Nympbrea, Idnn,, in HiglUow Tarn, 424. 


Oak, Waiuaeot,” raentd., 219. 

Occiput of Chimps, 405. 

Ocelli of Chlorops, 406. 

Odonata, mentd., 144. 

O'Donoghue, C. E., Opisthobrancbiata 
from AbcqUuM, 

Oicomonas termo, JRmt, 462, 467. 


Oligometra carpenteri, Bel/, mentd., 235. 

— serripiuna, A. M. Clark, 236 ; distrib., 

231. 

Onchidiopsis, Bergh, 92. 

Ouchoporella, Btak, 308, 314, 316. 

— hotnbgcina, Busk, 314. 

— buskii, Manner *, 295, 314. 

— diaphana, Busk, 314. 

— ligulata, Btisk, 314. 

Oiiiscigaster diatans, Eaton, wing-reins, 
153, 158, 161. 

Ontogenies, phyletic succession, 83. 
Operculina, Orb., 041. 

— complanata, Orb,, 041. 

Opbiactis savignyi, Ljungman, 246 ; 
distrib., 229, 232. 

Ophiocoma brevipes, Peters, distrib., 232 ; 
mentd., 247. 

var. varies Ma, M, L, Clark, 247. 

— dentata, mentd., 247. 

— dtiderleini, mentd., 247. 

— insulrtria, mentd., 247. 

— rariegata, K. A. Smith, 247. 

Ophiolepis imhricata, Muller & Trosehel, 

248. 

— savigngi, .Miiller & Troscliel, 240. 
Ophionereis ponvctn, Lgman, 247 ; distrib., 

232. 

Ophioplocus inlbric^ltu^, Lgman, 248 ; 
distrib., 232. 

Ophiothrix longipeda {Lam,), distrib., 232. 

— michaeLeiii, Koehler, 246 ; distrib., 2«’10, 

232. 

— spongicola, Stimp,, 246 ; distrib., 22t>, 

230, 232. 

— stelligera, Lyman, 247 ; distrib., 230, 

232. 

Ophiuroidea from West Australia, 246-248. 
Ophrydiuni, Ehrenb, ?, 460. 
Opisthobranchiata from Abrolhos, 521. 
Opisthograptis cratsegata, 86. 

Orbit olina sphendaia. Park. & Jones, 
638. 

— reslcularis. Park. & Jones, 638. 
Orbitolites, Lam,, 610. 

— complanata, Lam., Oil, 612. 

rar. plieata, Lem,, 011. 

— duplex. Carp,, 610. 

Oviposition and the egg of Lyctus brunneus, 
Bieph,, 217-227. 

Ovipositor of Lyctus, 666-696, 
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Oribata lucasii, Nic., <384. 

Oribatula oblonga^ 380. 

— plantivaga, BerL, 380. 

— tUnalia, Berl., 380. 

OrnitAoorina, Orb., 314. 

Omitbopora, Orb,, 314. 

— avicularia^ Orb,, 314. 

Ornitboporina, Orb., 31 4. 

— avicularia^ Orb,, 314, 

— flabellata, Orb,, 315. 

--JlabeUata {?), 315, 

Ortbothecuim cbr3^8euin, Schimp., 451. 
Owly courtship actinties, 280. 

Oxjtricba pellionella, Kent, 457, 

— sp., 453. 

Pacbjcbalina sp. (?), 500. 

Palainachus, Woodw., 52. 

Paleogenetic and paleomorpbic, use 
defined, 99. 

Paleozoic Dipnoi, structure of (^^'atson & 
Gill), lOii-216. 

Palps of Cblorops, 409. 

Papilio dardanus, Fabr,, mimicry in, 200. 
Pavaglosse of Cblorops, 408. 

I'aralelapia nipponica, Ilbzaum, 488. 
Parapostgenal tbickening in Cblorops, 
400. 

Parasterina crassa, Fisher, 243; distrib., 
230. 

Para^’aldeckia, Stebb,, 3. 
kidderi, Tatt.^, 2, 3, 18. 

— Thomsmi, Stebb., 3. 
iVbarpinia, Stebb., 4, 5. 

— villosa, Stebb., 2, 4, 18, 

Paroccipul of Cblorops, 405. 

Patelliua, Williams,, 629. 

— corrugata, Wittiams,, 629. 

Fatiria (?) crassa. Gray, 243. 

Pavonina, Orb., 619, 

— llabelliformis, Orb., 019. 

Peacock, courtship activities, 277, 280, 287, 
290. 

Peewit, courtsbip acdvities, 277. 

Pelican, courtship activities, 269, 282. 
Poltigera, WilUl., mite on, 379. 

Peneroplia, Montf., 610, 

— carinatus, Orb., 610. 

— pertusus, Brady, 010, 

Penguins, courtship activities, 282, 285. 


Pennatulacea from Abrolbos, 21. 
Pentagonaster, C. F. SchuUse, mentd., 243. 

— diibeni. Gray, mentd., 238. 

— stibarus, H. L, Clark, 208; distrib., 

230, 232. 

Poutlandiatf mentd., 212*213. 

Per(>grine, courtship activities, 280. 
Periscyphops prseconius, Budde^Jjund, 108. 
Petalomonas angusta, 457, 465. 
i*etalo8tegu8, Lev., 315. 

— bicoriiis, 315. 

Petrasia dura, Vosm., 478, 498. 

Petrels, courtship activities, 281, 

Petricia obesa, H, L. Clark 241 ; distrib., 

230, 232. 

— veruicina, mentd., 242. 

Phalanterium consociatum, Fres., 463, 465. 

— digitatum, Stein, 463, 465. 

— solitarium, Sandmi *, 463, 464, 475 ; 

mentd., 457. 

Phaneropleuron +, mentd., 204, 212-213. 
Pbaulocylliba virgata, Halh,*, 377-379. 
Pheasants, courtship activiiies, 277, 280, 
290. 

Phidiana iuca, 570. 

— lynceus, 570. 

Pliilyra brevis, 40, 54. 

— lievis, 72, 79. 

Philyxia uiidecimspinosa, 54. 

PhlaM>dictyon abrollioeenis, Dendy*, 478. 
500, 519. 

— seychellense, Dettdy^ 501. 

— sp., 501. 

Phoronis, Wright ?, 393, 898. 

Phryganella, Fenard, 470. 

— niduliis, Fenard, 470. 

Phyletic succession, 83. 

Phyllirboe Uchtensteini, Esehseh,, 522. 
Phyllomitus sp., 452, 465. 

Pliyllotcgeus palmieiuctum, Hedb.^, 379. 
Fhcxas batei, Hasw., 5, 6. 

— villasns, Hasw., 4, 6. 

Physcia, JJC., mite on, 380. 

Pigeon, courtship activities, 276, 285. 
Placobranchus, Mass,, 539, 540. 

— expanse, O’Dott. *, 528, 639, 678. 
Placopsilina, Orb,, 614. 

— cenomaua, Orb., 614. 

Planicellaria, 315. 

— eocemij'Meun. St Perg. f, SIS. 

— fenestrate, Orb.fy 316, 
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Planicellaiia oculata, Orb, t, 815. 
Planispirina, 609. 

— auriculatu, Eijg.t f509. 

PlankinnitmUa 7nammilini'isy l^eiidenf., 489. 
Plankton, Crustacean, of Enf^flish l^akes, 

411-447. 

Plauorbiilina, Orb,, 085. 

— larvatn, Brady, 635. 

— iiiediturranensis, Orb., 635. 

— rubra, Orb., 638. 

— rtUyaris var. larmtn, J'liik. it .loiios, 

(535. 

Pkcnnium nitfosum, lleuss, (518. 
i*lec;toptern, wing venation in (Tillyarcl), 
143-161*. 

Pleurobraucliiis (pur.s), BeryJu 536, 

— omatus, Vheesm., 538. 

Plover, Kinged, courtsbip a(’tivitie.s, 287. 
Policella australis, Oray, 21, 22. 
Polyasplnus cylindricus, Beri, 37(5, 392. 
Polyninstia, Bowerb., 509. 

— uiaiiimillariM, Botverb., 479, 509. 
INdyinorphina, Orb., 625. 

— coniinunis, Orb,, 625. 

— problema, Orb,, 625, 

— regina, Brady, Park, iji- Jofirtf, 626, 
PolyphennirtpedlculuB, *S'/rff««,425; distrib., 

*414, 418, 424. 

Polyptorus lar\aj, 85. 

Polystoinella, Lam., 640. 

— crispa, Brady, 640, 

— macella, Brady, 640. 

— niillettiana, Herori^AU. Earl., 640. 

~ striato-punctata, Brady, 040. 

— verricuUita, Millett, 640. 

Polytrema, Bmo, 089. 

— luiniaceum, Brady, 639. 

var. alba, Cat'ier, 639. 

i’olyzoa, Oellularinc, 298. 

Poutliarpinia, SUhb., 4. 5. 

— ix>8trala (Dana), 5, 6. 

— uncinata, C7*ei\, 6. 
villosa, Tatt., 6. 

Purcellana, Klein, 28, 31, 56. 
Porcellauopaguriis, FiUt., 28, 56. 
Porlcellaria, Orb. t, 315, 322. 

— alata. Orb. f, 815. 

Porcellio oristatus, DoUf., 107. 

Porocriniis, BUI., 94. 

Portnnion, CBw'd, 80, 90. 

Postgenas of Cblorops, 405. 


Fotamobius, Leach, 39. 

Powder-post beetles, 217-227. 

Prionocidaris baculosa var. aiiniilifera, 
Moriensen, 248 ; dislrib., 232. 

— biapinosa var. chinensis, Ddderlein, 

248; distrib., 232. 

Prodinychns, Berl., subgeii., 379. 

Prorodon, Ehrenb., mentd., 47)0. 
Protereisma sp. t, wing- veins, 144 161. 
Prolocarcinus, 52. 

Protolffilaps, Berl., siibgeu., 363. 

IVotozoa, 83 ; from Spitsbergen, 449. 
Psaminopenima crassum, Lendenf., 479, 5l i . 
Pseudobolelia indiana, A. Ayamz, 249; 
distrib., 232. 

Pseudoesperia earteri, Dendy^, 479, 5(X), 
50;3, 519. 

— eiiigmatica, 500. 

— tricbopbora, Dendy *, 479, 509. 
Pierodorie, Elirenb., 553. 

picta, Ehrenb., 553. 

Ptt‘roides griseiiin, 23. 

— hyinenoicaulou, Broch, 21, 23. 

— malayense, 23. 

— • sp., 22. 

Ptilinum of Cblorops, 404. 

Ptychodera capensis, Gilchr., 393-398. 

— flava, 397. 

— minuta, 397. 

— natalensis, Gilchr., 393. 

— proliferans, Gilchr., 393-398. 
Pulvinulina, Park. 4r Janes, (>30. 

— canarieiisis, Brady, 636. 

— concentrica, Park, ij- Jones, 036. 

— crassa, Brady, 636. 

— elegons, Brady, 637. 

— lateralis, Brady, 636. ^ 

— repanda, Brady, 630. 

— truncatulinoides, Heron- AH. i5j' Earl., 

636. 

Pygopodes, courtship activities, 266. 

Quodrula irregularis, Arch., 453, 457, 471. 
Qiiercus Kobur, Linn., lueiitd., 219. 
QuiiujuelocuUna auberiann, Orb., 607. 

— bieostata, Orb., 607. 

— bosdana, Orb., (506. 

— coiUorta, Orb., 608. 

— eurieriana. Orb., 607. 

— dilatata, Orb-, 604. 

— ferussacii, Orb., 608. 



Quini^heulina Bradj^ 608. 

— kerimbatiea^ Cashm., 608. 

— mwAimma^ Kaner, 600. 

— «Matraita/! 0 fuA*, Cuslim., 601. 

— Orb., 605. 

— stelligerai Orb., 609. 

— striata^ Orb., 609. 

— trianguXariif Orb., 607. 

— mdom^ Earrer, 607. 

— undulaiaf Orb., 607. 

— vulffari$f Orb., 606. 

— with Migue ridgeSy' Park., 608. 

JUtaohochoriBy Morcb, 660. 

— laciniatay auct., 560. 

Ramolitia, 12. JcmBy 627. 

— grimaldii, SrJUutnb.y 627, 646. 

— proteifqmivit Flint, 627. 

- 8p. ?, Heron- AIL 4!* BarLy 027. 
anilia, Af. Edw.y 48, 61, 68. 

— muricata, M. Edw., 26, 61. 

Banina, Zam., 25-72 

— dentata, Z^r., 25, 29, 36, 30, 48, 77. 

— marestiana, 52. 

Raninella Trigeri, 52. 

— • elongata, 52. 

Raninidb, 25-79. * 

Raninoides, Edw.y 66, 08, 69, 70, 71, 
73, 76. 

— personatus, White, 25, 77-79. 

— serratifrons, Hendere,, 74. 
RaphidiophryB brunii, Penard, 473. 
Razorbills, courtship actiTitios, 261. 
Recapitulation rastated, 81-101. 
'Redshank, courtship aetivitttMi,'287. 
Redstart, courtship ^letivitieB, 287. 

Remora, Will.,90. 

Reniera aquasductua, 0. Sehmidiy 476, 496. 

— eribricatiB, Iknd^, 478, 497. 

— dura, Nardo, 498. 

— pemiolliB, 7*c^., 497. 

— spp., 478, 498. 

Reproduction, asexual, in Ptychodera, 393. 
Reproductive oigans in Coleoptera, 59J . 
Retepora cornea. Busk, 315. 

Retiflustra, Lev,, 311, 315. 

— cornea, Harnwr *, 815. 

— cribriformis, Lev., 31 5. 
reticulum, 815. 

— schonaui, Lev., 315. 

Rhabdopbaga, Wetdm., 403. 

Rhabdosoum, Hincke, 815. 


Rhabdozoun wilseni, Bmoke^ A16. 
JRhacodee inecriplui, Koch, 103. 
Rhaphignathus clavatus, BerL, 385. 

— longipilis, Ha^.*, 386. 

— patriuB, Berl.y var. brevipalpis, Trap., 

386, 392. 

var. truncatus, Hath.*, 885. 

— sp., 386. 

Robinia Pseudacaoia, Linn., mentd., 219. 
BoeaUna araucana. Orb., 631. 

— fflolfuiaris, Orb., 631. 

— lateralie, Terq., 636. 

— meditermnemUy Orb., 681. 

— poeyi. Orb., 680. 

— nigoea. Orb., 632. 

— valvulata. Orb., 032. 

— vilardehotma, Orb., 631. 
linstauga ptilchra, 566. 

Rotnlia, Lam., 6*37. 

— beccarii, Orb,, 687. 

— heeearii (pars), Balk. & NN'right, t>37. 

— eleyane. Orb., 687. 

— perluciiia, Heron- AU, ^ Earl., 637. 

— prwcincfa. Karrer, fVJ6. 

— epioulotesta. Carter, 017. 

RiAaUna canarieneU, Orb., 636. 

— craeea, Orb., 636. 

— ochracea, Williams., 616. 

— rueacea, ( Irb., 631 . 

— iruncatfUinoidee, Orb., 6*36. 

— ungeriana, Orb., 635. 

Uuli*, courtship activities, 277. 

Saccohgdra, Bill., 315. 

— prvbleimttica. Bill., 315. 

SageneUa fnmdeeceNe, Brady, 613. 

Sageniua, C7<a/iw., 6J«1. . 

frondescens, Chapm., 613. 

Sagenodus, Owen^, su*uct»re, UMl 188; 
mentd., 168, 190 215. 

— copeauus mentd., 181. 

— imbricatos t, 178. 

— iiiequalis, Ou>en% mentd., 1(V4. 

— obliquuB t, 178. 

Sagrioa, Park, Jones, ^6. 

— coliimollaris, Brady, 696. 

— rapbanus, Brady, 627. 

Baiiiou) on, Sandm 469, 475 ; anentd., 450. 

— mikroteroDi Sandan^, 459 ; meitid., 45i), 

460, 471S. 

— oxu, Sandon% 460; mentd., 451, 41^, 

468, 475. 



Salicornariai Schinz, 31 5. 

^icornaria, Schwei^;:., 316. 

— dichotimaj Busk, 814. 

— dich>toma, Schweig., 303, 314, 316. 

— farciminoideB, Johnst., 303. 

SaUctnmitty Blaiiiv., 316. 

Salraacis alexandriy Bell, 249. 

— virgulatii, Atj. Des., distrib., 232. 

— virgulatii tilexamlri, JJfiderlein, 249. 

Salmo alpinus, 420. 

Salpiw/iay Copp., 31 (S. 

— haasallif, Cupp., 310. 

Saudon, A., Brotozoa fruni Spitsbergen, 449. 
Sarcifluslra, Jull, <$- CWv., 311, 316. 

— abyHsicoln, JulL <J‘ Calv., 310. 

Scaumenacia +, irieiitd., 212 -21 3. 

Schmidtia dum^ Bills., 498. 
iSrirus inerniis, Triuf.y •‘>83, 392. 

Sciulus nihiutUHy llalb., 374. 

-i- »pnthnUyery Leon., .‘J74. 

Sciurus vulgaris Linn., 309. 

Seruparin, Oken, 310. 
tihtlaia, Oken, 310, 317. 

— cUimta, lliiicks, 310. 

— diaphana, Busk, *>14. 
reptnmi, N'err., 310. 

Scrupoceilaria (pars), •348. 

Scrupocellaria, Van Jieiwd., 804, 310, 329, 
367, .*168 ; bifurcation, 321, 322. 

— (tbpssicola, Kluge, .'136. 

• -- antarctica, AValers, 362. 

— avicularue, Van. & Ok., .361. 

— benemunita, Jull., 834. 

™ bertbolletii, Aud., .358. 

— bifarcata, Kluge, 360, 

— eabermdits, Kluge, 336. 

— drygaUkii, Kluge, 362. 

— ferux, .320, 369. 

— flageUtfera, Kluge, 343. 

— fuegenMZy Waters, 366. 

funiculata, Waters, 336. 

•— gaus$i, Kluge, 338. 

marsuffiata, Jull., 361. 

-^perdtia, Kluge, 353, 
tmpleXy Kluge, 353. 

— gmittiiy Waters, 362. 

_so/idS 0 , Kluge, 3.38. 

— tenuiSf Kluge, 362. 

— wmhi^tniy Kluge, 363. 

— waterdy Kluge, 363. 

Scrupocellaridie, 328, 338. 
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ScupaHa, Gray, 31 0. 

Scupocellariay Gray, 310. 

Scylla pelagira Linn., •622. 

Sea-pens from Abrolhos, 21. 

Beius hicorniH, Can. & Fan., •*»76. 

— eomutwt, Krani., 30G. 

— togatuK, C. L. Kuchy .374. 

Seiulus pluiiiosus, Oudcm., BtiO. 

Sejm hicurnUy (.'HIi., 37.'». 

St*lbia, Gray, 31 f5. 

— zelandicoy Giay, 310. 

SemiRustra, Orb., 308, 310. 

— bomb} cilia, Orb., .308, 310. 

Serpiila marginata, Walk. Jr Bogey 024. 

— eeinimdumy Linn., COO. 

Sertularia anguinaylAnu., 297. 298, 304, .*i08> 

— atncuhria, fjnn., 21K>, 300, 314, 

— bursana, Linn., .‘Ill, 314, 

— chelata, Linn., 307, .31<‘», 317. 

— ciliata. Linn.. 29«, 300, 307. 

— <‘077m/a, Linn., .307. il08, 317. 

— ehwnea, Linn., 30(), .307. 

— faetigiaiay Linn., .*100. 

— lorieata, IJnn., ,307, 310, 312, 314, 

— nerifina, 1 Jim., 297, 299. 

— repefiSy Kll. & Sol., .31(). 

— scruftosa, Linn., 310. 

— epirttliH, Olivi, 309. 

Sida, SfraitMg (crustacean), 416. 

— crystallina, O. F. MnelL, 421, 422» 
4*39; distrib., 414. 

— limnetica, Burck., 440. 

SigmoR(>eptrella fibrosa, Dvndyy 479, 607. 
Sipbluridue, ineutd., 144. 

Skua, mentd., 268, 200. 

Sparrow-Hawk, courtship activities, 289. 
Sparrow, House-, courtship activities, 2(57. 
Spatangus ausiralasitPy Leacb, 251 . 
Spathidium, Zoom, 460. 

Sphieioatoma, JdacGULy 644, 664. 

— dakini, a Don., 623, 643, 646, 677, 678. 

— kombergii, 642. 

— yamenoMiV, MacGill., 642. 

Sphagnum pools Crustacea, 424. 

Spiralaria, Bvtky 311^ 316. 

— fiorea, Bn$ky 316. 

SpiralUy Lev., 316. 

Spirastrella vagabunda, MidLy 479, 607. 
Sfirillina, Lhrcnh.y 628. 

— campaimlu. Heron* AIL ^ Earl. *, 028, 

629, 646. 

48 
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Hpirillina decorata, Brady y 6:^8. 

vai*. uuilatera, Chapm,, 028. 

— litnbata, Brady, 028. 

— lucida, iStUUth.y 025). 

— revertoos, RhuwbL, 625). 

— viripara, Ehrmh,^ 628. 

•Spirooulina, 003. 

— acutimargo, Brady, 003, 604. 

— affixa, Terq,y 604. 

— antillarum, Orb., 003. 

— canaliculata, Orb,, 003. 

— planiculata, Brady, 003. 

— tenuirostra, Karrer, 004, 040. 
Spiromouas angusla, Kent, 452, 463. 

— aagaatator, /)«/., 457. 

8piropbora bacterium, Lendenf,, 507. 

— digitata, Leadetif,, 507. 

Spiroplecla, Ehrmh., 020. 

— bifonuis, Bradq, 620. 

Spitsbergen Protozoa, 445). 
Splanchnotroplms, Hanc. ^ Norm,, 570. 

— brevipes, 505), 570. 

— gracilis, Hanc, ij- Norm,, 509, 571, 673> 

579. 

— sacculatiis, O'" Don,, 571, 573. 

— sp., 570. 

Spongelia dakini, Dmdy *, 475), 511. 

— incerta, Hyatt, 513. 

— spinosa, Hyatt, 513. 

Sponges from Abrolhos, 477. 

JSponyta hilameUata, Lam., 504. 

— palmata. Lain., 499. « 

SteyanaporeUa magnilabris, 304. 

Stellaster incei, Gray, 238 ; distrib., 232. 
<Stelletta au$traliemin, Carter, 492. 

— brevis, Hentsch,, 478, 45)0. 

— debilis, Thiele, 478, 491. 

— sigmatriaena, Lendenf,, 478, 491. 
Steplianocrinus, Conr., 94. , 

Stigmssus anthrodes var. reticulatus, 

Hath, • 387, 392. 

Btirparia, (loldst, 205, 317. 

— annulata, Goldst., 317. 

•Stirparia, teuek,, mentd., 317. 

Stirpariella, Harmer, num. nov. *, 296,301, 

817, 326-327, 369. 

— annulata, Harmer^, 817. 

— carabaiea, Leo., 326. 

— zanzibariensis, Waters, S26, 

Stolonella, Hincks, 317. 

— clausa, Hincks, 317« 


Stropbidium, term defined, 33. 
Stylonycbia sp., 453. 

Saberites aaplm, Lendenf., 508. 

— spiteus. Tops., 508. 

Swans, courtship activities, 278, 281, 
289. 

Swartzia montane, lAndh., 450. 

Sycon gelatinoBum, Blainv., 4t77, 483. 
Synnota, Piep., 317. 

Synnotuni, Hincks, 310, 313, 317. 

— cegyptiacum, Harmer*, 317. 

— aoiculare, Hincks, 317. 

Synura uvella, Ehrtmh,, 450. 


Tabanus, Linn., 403, 409. 

Tams, cruslacen, 422. 

Tarsonemus brevipes, 382. 

— culmicolus, Beat,, 381. 

— fioricolus, 382. 

laticeps, Halb, *, 381, 302. 

— spiriiex, Marc/t,, 882. 

Tattei'sall, \V., Abrolhos Ampbipoda and 
Isopoda, 1-19. 

Tauroylossm, Speng., 393. 

Tentorium ot* Oblorops, 35)9-403. 
Ternicellarin, Orb., 317, 353. 

— aculcatu. Orb., 317, 

Terrestrial Isopod^j, 103, 107. 

Tethva robusta, llowerb., 495. 

Tethya diftoni, Ridl., 495. 

— ylobostellata, Lendenf., 495. 

— inyaUi, Kirkp., 405. 

— lynctirium, Row, 495. 

— multndella, Lendenf., 496. 

Tethyophmm sificifica, O. Schmidt, 508. 
Tetbys, Linn,, 527, 528. 

— denismi, 523, 631, 677, 678. 

•^yiyantea, 522, 623, 628, 629, 681, 683, 

577, 578. 

— punctata, 529, 531, 532. 

Textularia, Defr,, 617. 

— abbreviata. Orb,, 618. 

— agglutinans, OrA, 618. 

var. abbreviata, Park, k Jones, 616, 

618, 619. 

var. hiformis, Park, k Jones, 620. 

— candeiana, Otb., 618. 

— conica, Orb., 619. 

var. jugosa, Janes ^ 618. 

— crispatil^ Brady, 617. 
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Textiilaria folium, Park, ^ JoneB^ 617. 

— grameii, Orfi., 616, 618. 

— incouApicua var. jugosa, MiXLeit^ 617. 

— rhouiboidalis, MUlett, 617. 

— rugosa, Brady y 018. 

— sagittula, Defr,j 61 8. 

var. iistulosa, Brady^ 618. 

— variahiltSy Williams., 622. 
ThaUmodmidi'un typica, Wbitel., 504. 
Theca of Ohloiops, 408. 

Theria, Hub., 88. 

— rupicapraria, 88. 

Thia polita, 67. 

Thiolliericrinus, JEtnllon, 96. 

Till^ard, R. J., Wing- venation of the order 
Plectoptern or Mayflies, 146-162. 
TinoporiM haculaluSy (^irp., 638. 

Tipula, Linn.y 409. 

Tormm of Olilorops, 403. 

Tarema tid^ulata, Halim., .V>3. 
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